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Shot by.Andritis Aleksandravicius in Valéncia 
with 14-24mm NIKKOR | Exposure 1/100s |1S0 500 
Photo © Andrius Aléksandfavicius 


Photographer Andrius Aleksandravicius expresses the 

full potential of his creativity—and so can you. Turn your 

ideas into great images with the advanced technology 

of the D5500. Get inspired by Andrius’ full story and 

take your photography to the next level with the D5500. 

Visit europe-nikon.com/iamdifferent At the heart of the image 


2YEA R ) For 2 year warranty on any camera and lens kit simply register your new Nikon within 30 days of purchase. Offer applies to UK & Republic of Ireland stock only, Call 0800 597 8472 or visit www.nikon.co.uk/register 
WARRANTY - 
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few dark hours and the Sun never too far from 
the horizon either side of the solstice, some 


astronomers will have put their telescopest to bed 


until the Sun starts setting at a reasonable hi 


once again. They'll be missing out ona ee 
different set of night-sky sights that rival anything 


prepared to burn aiittle of the midnight oil, Jatt 
issue of All About Space will show you where 
and when to look for eye- popping nebulae, ia 
if HH | 
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“The danger on ae solar array 
repair was that we cannot ever 
turn it off... it is still generating 
current, So it was a fully 


energised panel” 


Scott a ieee te es sts20 astronaut 
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_. |time for long walks, ‘cycling, 
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Discover the wonders 
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clusters, constellations, planets and, of course,the “= 
distinctive band that is our unique perspective on 


the Orion Spur of the Milky Way galaxy. 
If you turn to page 16 for the start of our 


‘Summer Stargazing Special’, we'll also show you 


JaToy (Vg Kop catel core Rsv) im o)inlele)(cxe-len(or-mnrlequale 
Sun through the sky and create an impressive 
solar analemma image, plus how to best prepare 


ear, this August's Perseids meteor shower. 
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Crew roster 


Paul Cockburn 

m@ Squid rovers to 

interstellar probes, 

see '20 Incredible 

™ NASA projects on 
page 64. 





Gemma Lavender 

r | Aerlanlastehtel cos 
Us ona tour of 
the Milky Way 
and tells us why 
brown dwarfs 
are important. 





Giles peeow 

m@ We've learned 
alot about the 
Red Planet: learn 
more in Giles's 
Explorer's Guide 
to Mars on 82. 





Jonny O'Callaghan 

| lalla aelelmex.]=)4y 
Isup)oxanle\nla\vailares 
out how the Milky 
Way compares to 
other galaxies on 
page /4. 
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Jaw-dropping 
photos of cool 
technology and natural 
cosmic wonders. Your 
stunning journey into 
space begins here... 
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Failed stars 
and super- 
Jupiters 


Could there be billions of brown 
dwarfs on our galactic doorstep? 


What would 
the planets 
look like... 


if they were at the same distance 
from Earth as the Moon? 


World's 
deadliest 
spacewalk 


Meet Scott Parazynski, ISS astronaut 
and Everest conqueror 


20 incredible 
NASA projects 


From the squid rover and Titan 
Hopper, to laser-powered probes 


How big is 
our galaxy? 
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See how our Milky Way compares to 
other galaxies in space 


Pluto 


Stun your friends with your 
knowledge of the dwarf planet of 
the moment 


Manned 
mission to 
Venus 


Could we one day put humans on 
Earth's evil twin? 


Explorer's 
guide to Mars 


Tour the Red Planet, from the biggest 
volcano in the Solar System to 
Curiosity's landing site 


Cristiano 
Ronaldo galaxy 


Why are scientists getting excited 
about the CR7 galaxy? 
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Explore the 
Milky Way 

See the 100,000 light year expanse 
of our home galaxy in space 


Make a solar 
analemma 
How to create this stunning time- 
lapse image of our Sun 


Late summer 
stargazing 
Get the best astronomy sights out of 
the short nights 


Make a solar 

pinhole camera 
A step-by-step guide to making a 
safe and effective Sun-viewer 


TWEET US 
@spaceanswe!rs 
POST ON FACEBOOK 
y /AllAboutSpaceMagazine 
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AN EMAIL 


questions@spaceanswerts.com 








See a meteor 
shower 
Make the most of August's epic 
Perseids light show 


What's in the 
sky? 
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Me and my 

telescope 
Stunning astrophotos and 
stargazing stories from All 
About Space readers 


Astronomy kit 
reviews 
Night-sky guides, a spotting scope 
and some choice astro gear reviewed 
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60 Scott Parazynski, Space Shuttle astronaut 9 QYourquestions 
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cosmic questions 
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Sjumeleledatomanciare 
sky at La Silla 


So we're understating it a little: this is a somewhat 
special photo even for the spectacular skies 
astronomers experience regularly at the site of 

the European Southern Observatory. There are 

the nightly regulars among the blanket of stars, 
including the Pleiades (the bright cluster in the upper 
middle of the photo) and the California Nebula (the 
red smear off to the right). But there are a couple 
of celestial visitors to the scene: a brief flash of a 
meteor (the yellow streak left of centre) and Comet 
Lovejoy (the object with the green tail at centre), 
which won't return to our skies for another 8,000 
years. This vista was captured by ESO's photo 
ambassador Petr Horalek, in January this year. 
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Above the storm 


At a safe distance of around 400 kilometres (250 

miles) high in the International Space Station, 

astronaut Scott Kelly (of NASA's ‘twins study’ fame) 

snapped this picture of the tropical storm Bill, 

approaching the Texan coast from the Gulf of Mexico, 

ef on 15 June this year. Kelly tweeted his concern for all 
= 9 those who might lie in the storm's path. 
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Supermassive . | 
- eruptions - | 


The Chandra X-ray Observatory has 
spotted something interesting at the 
centre of this galactic group, NGC 5813, . ‘ 

which is about 105 million light years * 

from Earth. It’s a supermassive black : 
hole at the core of a galaxy that's in the « ” 

centre of this we galaxies, and it's . 
‘erupting’. The black hole's spin produces 

a tightly-wound magnetic field that flings . 
some of the,gas falling onto it awayin ™ 
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kilometres (160,000 miles) per hour. 
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Even seemingly mundane tasks - like cleaning — 


a mirror - need an especially deft touch when 
you're dealing with a billion-dollar space mission. 
This is a photo of NASA engineers assigned to 
the James Webb Space Telescope, cleaning a 
mirror with a high-pressure, carbon dioxide snow 
jet. This enables them to efficiently remove tiny 
particles from the surface of the mirror without 
the slightest scratch. This is vital, as any hint of 
a contaminant or damage can drastically affect 
the science an instrument as sophisticated 
and sensitive as the JWST can do. And once 
the telescope has been launched to orbit its 
Lagrange point target 1.5 million kilometres 
(932,057 miles) away, a problem like this would 
become a very difficult and costly one to fix. It's 
such vital job, in fact, that the engineers shown 
here are simply practising for the event that they 
might need to clean any of the JWST's 18 mirrors 
- onan extra ‘test’ mirror. 
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Plumes of water vapour 
suggest the oceans 
beneath Europa’s surface 
could be home toa 
potentially complex and 
biodiverse environment 


NASA sets its 
sights on Europa's- 
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“Today we're taking an exciting step from concept to 





mission, in our quest to find signs of life beyond Earth” 


When the Italian astronomer Galileo Galilei 
discovered the four satellites that orbited the distant 
gas giant Jupiter, he ushered in the dawn of modern 
physics and changed the landscape of science 
forever. Now, four centuries later, NASA is looking 
to revolutionise our view on the universe yet again 
as it readies a new mission to explore one of those 
moons: the icy Europa. 

“Today we're taking an exciting step from 
concept to mission, in our quest to find signs of 
life beyond Earth,” said John Grunsfeld, associate 
administrator for NASA's Science Mission Directorate 
in Washington DC. “Observations of Europa have 
provided us with tantalising clues over the last two 
decades and the time has come to seek answers to 
one of humanity's most profound questions.” 

Europa is the only other planetary body in our 
Solar System that contains the right kind of habitat 
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to support life - specifically a liquid-water ocean 
found beneath the moon's permafrost surface. 
Unfortunately, the space surrounding Europa is 
drenched in radiation from Jupiter, a danger that 
created several problems for NASA's Galileo probe 
that studied the gas giant’s moon during the early- 
2000s. With this in mind, the new spacecraft will 
instead orbit Jupiter and perform quick flybys in 
order to study Europa’s surface. 

“Europa has tantalised us with its enigmatic icy 
surface and evidence of a vast ocean, following the 
amazing data from 11 flybys of the Galileo spacecraft 
over a decade ago and recent Hubble observations 
suggesting plumes of water shooting out from the 
moon,” added Grunsfeld. “We're excited about the 
potential of this new mission and these instruments 
to unravel the mysteries of Europa in our quest to 
find evidence of life beyond Earth.” 


Clouds of water vapour were first detected by 
NASA's Hubble Space Telescope back in December 
2013, suggesting Europa’s subsurface oceans are 
able to erupt plumes of water directly out of its 
atmosphere. Such points of eruption would also 
enable NASA to access the Europa oceans without 
having to drill through the surface. 

Of course, the ability to successfully reach these 
bodies of water and study them in-depth won't 
form part of NASA's new mission to Jupiter's sixth- 
closest moon, but designing and testing a rover 
capable of operating in the alien seas of Europa is 
already underway. Called the Buoyant Rover for 
Under-Ice Exploration (BRUIE), the craft is still far 
from mission readiness but the space agency plans 
to use the rover to study the Arctic and Antarctic 
Oceans of Earth before sending it out to a distant 
new world. @ 
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Earth-like ‘sunscreen’ 





discovered on distant exoplanet 


New data suggests planets in close proximity to their home 
Stars still possess an ozone layer 


NASA’s Hubble telescope has detected 
a stratosphere - one of a number of 
atmospheric barriers that surround the 
Earth - on a distant and blisteringly 
hot planet known as WASP-33b. Our 
own ‘sunscreen’ barrier contains 90 
per cent of our planet’s ozone, so they 
play a vital role in protecting worlds 
from the harsh UV rays of a star. 
However, up until this point, 
scientists were unsure if the same kind 
of stratosphere could exist within the 
harsh atmosphere of hotter planetary 
bodies. Considering the exoplanet in 
question remains one the hottest ever 
discovered - with a record-breaking 
surface temperature of 3,200 degrees 
Celsius (5,792 degrees Fahrenheit) - 
the presence of such a barrier and the 
protective molecules that inhabit it has 
radically changed how we view the 
composition of a planet’s atmosphere. 
“Some of these planets are so hot 
in their upper atmospheres, they're 
essentially boiling off into space,” said 
Avi Mandell, a planetary scientist at 
NASA's Goddard Space Flight Center in 
Greenbelt, Maryland, and a co-author 
of a study into atmospheres of these 
extremely hot exoplanets. “At these 
temperatures, we don't necessarily 


New Cassini 
shots shed 
light on 
Saturn's moon 


During its ongoing mission to 
study Saturn and its many celestial 
bodies, the NASA spacecraft Cassini 
has snapped brand-new images 
of the moon Dione during its first 
flyby of the satellite. The shots, 
captured by the craft last month 
during a flyby that took it within 
516 kilometres (321 miles) of Dione, 
show the crater-ridden surface of 
the moon in incredible new detail. 
The Cassini spacecraft is set 
to perform a second and final 
pass of Dione on 17 August as the 
NASA vehicle continues the final 
extension of its mission to Saturn. 
NASA is planning to send Cassini 
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Temperature inversion 

is the superheating ofa 
planet's stratosphere as it 
absorbs high levels of UV 
radiation from a star 





“Some of these planets are 
so hot... they're essentially 
boiling off into space” 


Avi Mandell, planetary scientist, NASA 


expect to find an atmosphere that 
has molecules that can lead to these 
multilayered structures.” 

Much of the uncertainty regarding 
the theory of stratospheres in 
the atmospheres of hot planets 
revolves around the presence of 
hydrocarbons (molecules that enable 





into a dive that will take it within 474 
kilometres (295 miles) of the moon's 
surface as it gathers a final packet of 
data and images for the joint ESA/ 
NASA mission. 

The Cassini-Huygens mission, 
which launched in 1997 before 


the UV-absorbing process known as 
temperature inversion). However, the 
Hubble telescope has recorded another 
molecule in the atmosphere of WASP- 
33b - titanium oxide - that NASA 
scientists believe is able to perform 

a similar function at substantially 
higher temperatures. @ 


Dione, discovered in 1684, is 
Saturn's fourth-largest moon 


reaching Saturn in 2004, is a 
two-fold initiative. The Huygens 
lander was designed and built by 
the European Space Agency and is 
currently capturing data from the 
surface of Titan, one of the other 62 
moons that orbit Saturn. @ 
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Philae lander 
returns to life 


After more than seven months of 
hibernation, the Rosetta lander 
Philae has started transmitting 
data again. The craft sent an 
85-second-long message and a 
series of data packets relating to 
its first few days on Comet 67P/ 
Churyumov-Gerasimenko. 


New camera 
satellites to 
snap the Earth 


Urthecast, the firm that designed 
the software for the first HD 
cameras on the ISS, is planning 
to launch 16 satellites to image 
the Earth. The aim is to provide 
easy access imagery and data for 
businesses and social media. 


New Satellite 
to study world 
crops 


The ESA-designed satellite, 
Sentinel-2A, has successfully 
begun its orbit around Earth. 
Launched last month, the craft 
is part of the EU's Copernicus 
programme and will study the 
growth of world food crops. 


US to create 
space-war 
centre 


Revealed at the annual GEOINT 
symposium, the new ops centre 
will serve as a line of defence 
against foreign attacks on US 
Satellites. The initiative will 
receive data and updates from 
every US government satellite. 
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The images captured by New 
Horizons aren't just for show, they 
also help NASA determine the 
distance and trajectory of the craft's 
journey to Pluto 


New Horizons 


successfully 


‘threads the 
needle’ to Pluto 


While the images the New Horizons 
spacecraft has been capturing of 
Pluto are becoming clearer and 
more defined with every passing 
week (including shots of an eerie, 
face-like formation on its surface), 
the task of actually reaching the 
planetary body has always been a 
very real concern for NASA. Due to 
its distance from Earth - up to 7.5 
billion kilometres (4.67 billion 
miles) - arriving at Pluto is one of 
the most difficult challenges in 
interplanetary navigation. 

Yet, despite having to aim for 
such a tiny window of space - a 
minuscule 100 by 150 kilometres 
(62 by 93 miles) - New Horizons 
has successfully arrived at the 
distant dwarf planet safely. In order 
to pull off this historic event (New 
Horizons is the first probe to reach 
the far-flung dwarf planet), the space 
probe had to pass within 12,500 
kilometres (7,770 miles) of Pluto's 
surface at a speed of 14 kilometres 
(8.7 miles) per second. New 
Horizon’'s main mission to study 
Pluto is set to run until 2024. @ 
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Odyssey’s on-board 
Thermal Emission 
Imaging System has 
yielded 208,240 images 
of Mars so far, including 
the famous Gale Crater 


ee , 


NASA Spelenertit makes 


ONO Ouse animem\/ Fle: 


Last month marked a historic 
milestone for NASA's ageing 2001 
Mars Odyssey spacecraft, with the 
veteran machine completing its 
60,000th lap of the Red Planet. With 
this new feat under its belt, Odyssey 
continues to hold the record for the 
longest orbit of a planet other than 
the Earth, with over 14 years of 
service to its name. 

Despite its long tenure, NASA 
has no plans to retire the old girl 
quite yet - in fact, the space agency 
plans to use Odyssey as part of a 
new programme to bring humans to 


Giant 

pyramid 
on Ceres 
revealed 


New Dawn 
images shed light 
on an enormous 
structure on 

the surface of 
asteroid-locked 
minor planet 


As NASA's Dawn spacecraft continues 
to study the dwarf planet Ceres, the 
presence of some new geographical 


anomalies are fascinating astronomers. 


While orbiting Ceres at a distance of 
4400 kilometres (2,700 miles), Dawn 
captured images of an 88-kilometre 
(55-mile) wide crater that plays host to 
an intriguing new structure. 








Mars. “This orbital milestone is an 
opportunity to celebrate Odyssey’s 
many achievements,” said Jim Green, 
NASA's director of planetary science. 
“Odyssey will continue to help lay a 
foundation for the first humans to 
Mars in the 2030s through NASA's 
Journey to Mars initiative.” 

The Odyssey spacecraft has been at 
the forefront of Red Planet research, 
with its detection of gamma rays and 
neutrons indicating the possibility of 
water ice beneath the surface of the 
planet. This is an invaluable discovery 
that’s brought scientists one step 


The dwarf planet Ceres is 
the largest body within 
an asteroid belt that lies 
between the orbits of 
Mars and Jupiter i, — 


a ~ 


“The surface of Ceres has revealed 
many interesting and unique features. 
For example, icy moons in the outer 
Solar System have craters with central 
pits, but on Ceres central pits in large 
craters are much more common. 
These and other features will allow us 
to understand the inner structure of 
Ceres that we cannot sense directly,” 
said Carol Raymond, deputy principal 
investigator for the Dawn mission, 
based at NASA’s Jet Propulsion 
Laboratory in California. 





















closer to discovering the potential for 
Martian life. 

Now firmly into its second decade 
of service, Odyssey will now provide 
additional data as NASA aims to 
shed more light on the atmospheric 
elakbe-leltcielsjalecme)mentcmce)bnadal 
planet from the Sun. “Upcoming 
observations will focus on what is 
happening in the Martian atmosphere 
in the morning, such as clouds, hazes 
and fogs, and on frosts on the surface 
that burn off by later in the day,” 
added Jeffrey Plaut, Odyssey project 
scientist at JPL. @ 






While white spots on the surface 
are believed to have been caused by 
light bouncing off a reflective surface, 
the origins of the 4.8-kilometre 
(three-mile) high pyramid are more 
mysterious. While no one has been 
able to provide a solid theory as to its 
shape and size, the fact that it’s the 
only structure on a predominantly 
flat terrain is intriguing. Dawn will 
continue to provide data on Ceres, and 
the pyramid, until it eventually powers 
down and enters a perpetual orbit. @ 


© NASA/ESA/K. Retherford/SWRI; NASA/Goddard; NASA/JPL-Caltech/Space Science Institute; NASA/JPL-Caltech/ 
UCLA/MPS/DLR/IDA NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute 
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Milky Way analemma - stargazing camera shower 
Join us on a tour of our Learn how to capture the The best night-sky sights Observe the Sun safely , Our guide to viewing the 
stunning home galaxy motion of the Sun | of the summer months with this home-made tool | Perseids this August .* 








Make like a cosmic rovetatsi EYaval take NI About Space S tour of Earth’ galaxy, 


» ~ It’s easy to forget the true ‘beauty and splendour of 

_+ the Milky Way galaxy. With acres of countryside 
being torn down in favour of cities*the change in our 
planet's landscape can only teally mean one thing 

- in this regard: light pollution. This yellow to orange 
hue that plagues many astronomers, washes fo)bimmuats 
stunning gems that our night sky has to offer, with 


only the brightest objects managing to shine through 


id o\-W ne V/-Me Wale Valanl dat-¥e(elel-Ve-lp)ol--vectele-Me)m anys 
Moon, it can be very tough to get any observing done 
‘that a Stargazer feels satisfied with. The fainter and 
somewhat delicate beauty of our Milky. Way an 
simply can't compete. . 

Leaving behind ideleMe VAANnatem oy atcd le lights, ona 
Moonless night, our galaxy will be less obscured. . 
And the sights, particularly over the next few weeks, 
are ones that will make your jaw drop as our galaxy 
truly reveals all that it has got. Allowing your eyes * 
_ to take 20 minutes to adjust to the darkness, what 
you'll see will be a faint band of light, akin to a 
back-lit cloud, snaking its way: through a backdrop - 
of stars. Your eyes alone can't resolve the Milky Way 
into individual stars but that just rftakes our galaxy 
all the more alluring when it comes to hunting for 
_- the galactic treasures hidden in the Orion Spur - the 


aia, a section of the “esis arm where we live. 


eee HS —5% 
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Which sections of the’ Milky Way you're able to 
see really depends on your location as well as the » 
time of year. Throughout July for example, those in 
the Southern hemisphere will find the centre of the 


* Milky Way overhead, as its silvery band runs from the 


southwestern horizon to the northeast. Meanwhile, 
in the northern hemisphere, the centre of the Milky - 


‘ Way is low in the southern sky, its dusty path 


Sweeping upwards in an arch across the eastern. sky 
through to the northerh horizon: What's more, some 
of the Milky Way appears quite mottled, with brighter 
parts appearing as bursts of star-concentrated clouds 
interspersed with holes, or clouds of interstellar dust 
blocking our view:of the stars beyond. 

What's great about the Milky Way is that you. 
don't need any optical aid to enjoy its true beauty: 
A dark site and your eyes alone can allow you to 
take in the stunning expansé of our galaxy in all its » 
glory. However, a sweep of a pair of binoculars with * 
magnific tions starting at 7x50 or 10x50 or the slew 
of a tele e, can help you to resolve its thousands 
of stars along with the gems you can find in its dusty 
path. Before ell begin our tour, remember you're in 
a unique position to observe a galactic structure from 
the inside out. With this in mind, we hope.you enjoy 
(o) bbe) b)s(=) 1/2) As) guide romelene Balakyamy 
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Despite the shortage of night 
hours, the middle of our 
galaxy takes centre stage for a 


spellbinding sight during the 
Warmer months 


If you can observe from somewhere dark, then 

the summertime Milky Way is one of the most 
spectacular sights you will ever see in the night 
sky. The further south you go the better, because 
the brightest parts of the Milky Way are found in 
southern constellations such as Sagittarius (the 
Archer) and Scorpius (the Scorpion). If you are able 
to travel to locations such as Florida or the Canary 
Islands on holiday this summer, and venture out to 
a dark site with no light pollution, you'll be stunned 
at how bright the Milky Way appears. It will look like 
shimmering clouds rising up from the horizon. 

The first thing that you'll notice is that there is 
structure in the Milky Way - parts that are brighter, 
and some parts that are dark with barely any stars at 
all. These are called dark nebulae. They may look like 
holes in space, but they're not - in fact they are huge 
clouds of cold gas and dust, cocoons inside which 
baby stars are being nurtured. 

The very centre of our galaxy is in the direction 
of Sagittarius. We can't see it because the stars and 
dust and gas of the Milky Way in front of it blocks 
our view. As it climbs north, the Milky Way enters 
the Summer Triangle, an asterism popularised by the 
late Sir Patrick Moore, with three bright stars - Deneb 
of Cygnus (the Swan), Altair in Aquila (the Eagle) and 
Vega in Lyra (the Harp) - marking the corners of the 
distinctive triangle. 





Barnard 86 and NGC 6520 
Sagittarius 
18h 02m 48s 
27° 50’ 00” 
+7.6 (NGC 6520) 
Four-inch refractor or 





five-inch reflector 

Located in the constellation of 
Sagittarius, Barnard 86 is a classic example of a 
dark nebula, made up of gas clouds filled with 
impenetrable black dust. It lies next to the open 
star cluster NGC 6520 to the east. To get the 
best possible viewing results, try observing the 
pair together through your telescope using a 
magnification of 10Ox. 
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The summer Milky Way 





North America Nebula (NGC 7000) 
Cygnus 
20h 59m 18s 
+44° 30’ 60” 
+4 


10x50 binoculars or a 

four-inch telescope 

Most objects in the night sky only 
look tenuously like the things they're named 
after, but the North America Nebula is the spitting 
image of the continent, it even has a curved gap 
that resembles the Gulf of Mexico. In reality it is 
an emission nebula, approximately 1,600 light 
years away that is forming stars. It is bright but 
large and diffuse, so despite being magnitude 4 
it is very difficult to see with the naked eye and 
ideally you need to view it through an instrument 
with a field of view of at least 3 degrees to 
encompass it all: 10x50 binoculars or a four-inch 
scope should do the trick. 


” .' 


The Swan Nebula (Messier 17) 
Sagittarius 
18h 20m 26s 
-16° 10’ 36” 
+6 
Four-inch refractor or 
five-inch reflector 
Near Sagittarius's border with 
Scutum lies this emission nebula, which is 
another star-forming zone and one of the best in 
the sky. However, because it is so low when you 
view it from Britain, it loses some of its splendour. 
It is sometimes called the Omega Nebula because 
in a modest telescope at low magnification, it 
looks a bit like a ghostly Greek letter Omega. 





the light of bright stars. 
























Trifid Nebula (Messier 20) 
Sagittarius 
18h 02m 23s 
-23° O1' 48" 
+6 
Five-inch telescope 
The Trifid Nebula was named 
by Sir John Herschel, son of William, who 
saw the nebula divided into three lobes 
by dark dust lanes (there are actually four 
lobes). Located approximately 5,200 light 
years from Earth, the Trifid Nebula (also 
known as Messier 20 and NGC 6514) 
is a mixture of three types of nebula: 
an emission nebula (the redder areas), 
a reflection nebula (the blue regions) 
and dark nebulae that divide the lobes. 
Emission nebulae glow when heated by 
hot stars, while reflection nebulae reflect 


Messier 26 
Scutum 
18h 45m OOs 
-9° 24’ 00” 
+8 





Six-inch telescope 

This is an open cluster, which is 
a loose grouping of young stars that formed 
together. It is around 5,000 light years away, but 
can be difficult to spot amid the crowded star 
fields of the Milky Way. In a telescope at high- 
power magnification, you will be able to resolve 
up to 25 stars. Look closely and you may also be 
able to make out the long lanes of dark nebulae 
around the cluster. 
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The autumn night sky 


As the leaves begin to fall from the trees, the summer constellations give way to those of the autumn 


Moving upwards, away from the summer 
constellations of Cygnus and below, the Milky Way 
begins to lose some of its lustre as it starts to thin out 
compared to the densely star-packed region around 
the galaxy’s centre. It is still impressive to see though, 
especially if you can get out to a dark sky site in 
order to observe this shimmering belt of stars. 
During autumn, our Milky Way moves through the 
constellations of Perseus, Cepheus and Cassiopeia. 





Messier 52 


Cassiopeia 
23h 24.2m OOs 
+61° 35’ OO” 
+5 


10x50 binoculars 

This open cluster displays one of 
the biggest problems of the Milky Way. Because 
we are looking into the galaxy’s spiral arms, 
which are full of dust, the light of objects can be 
dimmed, which makes it hard to calculate their 
distance. Messier 52 lies between 3,000 and 
7,000 light years from us but it is still an easy 
binocular object. 





IC 1396 


Cepheus 
21h 39.1m 
+57° 30’ 
+10 
CCD camera 


To see IC 1396, a star-forming 
region that's part of the Cepheus Bubble, you'll 
need a CCD camera. Being incredibly faint, you'd 
find it difficult to pick up this nebula and its 
darker regions known as Bok globules with just 
binoculars or a telescope. Imaging IC 1396 will 
reveal a hot supergiant illuminating its centre 
and the red supergiant, Mu Cephei, at its edge. 
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Not all of the constellations of the summer have 
disappeared though - the likes of Cygnus and Aquila 
are still on show, offering observers in the northern 
hemisphere a selection of summer nebulae and star 
clusters. Autumn is the time to seek out open star 


clusters in our galaxy, which glow extremely brightly 


like gems in the night sky. Obviously, astronomy 
is best done under night skies untouched by light 
pollution and on a Moonless night, but if you're 





Messier 103 
Cassiopeia 
Olh 33m OOs 
+60° 42’ 00” 
+74 
Four-inch refractor or 
five-inch reflector 
Another open cluster, Messier 103 
contains about 40 stars including a red giant, 
which is an evolved star reaching the end of its 
life. This is a very rare sight in an open cluster of 
young stars. To find M103, locate the bottom left 
star of Cassiopeia’s ‘W’, called Ruchbah, and the 
cluster is about a degree northeast. 





Little Dumbbell Nebula 
(Messier 76) 
Perseus 
Olh 42.4m 
+51° 34’ 31” 
+10.1 
Six to eight-inch 
telescope 
Taking on an appearance similar to 

that of the Dumbbell Nebula, the Little Dumbbell 
Nebula requires a telescope of at least six inches 
for comfortable observing. Point your instrument 
to Phi Andromedae, a prominent blue star and 
look slightly east and you will find the nebula. 


an urban dweller who is unable to get out to the 
countryside, open clusters are still easily visible from 
locations of moderate town haze. Star clusters stand 
out much better than fuzzy and often dim nebulae. 
Not only that, but the Milky Way laces through 
constellations that are high up in the sky, meaning 
that you won't need to peer through a horizon 
touched by artificial lighting in order to get a good 
look at our galaxy. 















Capella 


Auriga 
05h 16m 41.35s 
+45° 59' 52.77” 
+0.08 
Naked eye 


It’s not too difficult to 
find the rich yellow-white star Capella, 
the sixth brightest star in the sky in 
the constellation of Auriga. Capella is 
actually a system of four stars, which 
can be split into two stars. Its yellowish 
tint is much more apparent in a daytime 
sky with its contrast against the blue. 





Messier 34 





Perseus 
02h 42.1m OOs 
+42° 46' OO” 
+5.5 


10x50 binoculars and 

four or five-inch telescopes 

If you look two binocular fields 
north of Algol, a bright star in Perseus and a 
variable too, you'll come across the open star 
cluster Messier 34. Binoculars will not resolve 
any of the 90 member stars but if you direct a 
small four-inch telescope its way, the stars will 
Start to pop out. 
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Our winter galaxy 


We reach the outer edge of the Milky Way as we hit the darker days of the year 


characteristic of our galaxy as it laces through the 
constellations Canis Major (the Great Dog), Monoceros 
(the Unicorn), Orion (the Hunter) and Puppis (the 
Poop Deck) bringing with it a spectacular selection of 
objects for stargazers to enjoy. 


towards the sparser regions of our galaxy - the outer 
portion of the disc. 

However, that’s not to say that the Milky Way 
doesn't hold a degree of wonder during the winter. 
Stars still clump together in the splash of white that's 


During the much colder months of the year, we can 
enjoy the longer hours of the night for extended 
tours and observations of targets in the night sky. 
Sadly, winter isn’t the best time of the year to 
observe the Milky Way as our planet only looks more 





Rosette Nebula and NGC 2244. 
Monoceros 
O6h 33m 45s 
04° 59’ 54” 
+9 (Rosette Nebula), +5 (NGC 2244) 
10x50 binoculars, four 
or five-inch telescope, or CCD 
The Rosette is a giant ring nebula in 
Monoceros, and NGC 2244 is a young star cluster 
that has emerged from that nebula. Spotting the 
cluster is easy in binoculars or a small telescope, 
but seeing the nebula visually is difficult without 
a large telescope, a dark sky and an ultra-high 
contrast filter. However, you can capture the 
Rosette with ease by using a CCD camera. 





Messier 47 


Puppis 
07h 36.6m 
-14° 30’ 
+4,2 
Naked eye 


It is possible to view the coarse 
brightness of the open star cluster M47 with the 
naked eye under very good night-sky conditions. 
However, the 50 stars found within the cluster 
won't be resolved so easily without the assistance 
of a pair of binoculars or a small telescope. 
Messier 47's swarm of young stars takes over a 
proportion of the night sky around the same size 
as the full Moon. 
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Messier 50 

Monoceros 

7h 02m 42s 
-08° 20’ 00” 
+5.9 
10x50 binoculars 
An open cluster located 

approximately 3,000 light years away from 
Earth, it is said that Messier 50 is recognisable 
because its brightest stars form a love heart- 
shaped pattern. It is big and bright, so it is easy 
to spot in binoculars halfway between the 
brightest star in the night sky, Sirius, in the 
constellation Canis Major, and the bright star 
Procyon in Canis Minor. 





‘A 7m, « Mu \ 
Crab Nebula (Messier 1) 
Taurus 
05h 34m 31.94s 
+22° OO' 52.2” 
+8.4 
10x50 binoculars or 
four-inch telescope 
The Crab Nebula, also known 
as Messier 1, is the aftermath of a star that 
has exploded in a supernova explosion. 
Unfortunately, this stunning object isn't visible 
to the naked eye but can be made out with the 
help of binoculars with a magnification of at 
least 10x50 or a small telescope under favourable 
night-sky conditions. 








* 



















Messier 41 
Canis Major 
O6h 46m OOs 
-20° 46’ 00” 
+4.5 
10x50 
binoculars or four-inch telescope 
This cluster, being located 
in Canis Major, is quite low in the 
winter sky, but because it is so bright 
it manages to make up for anything it 
loses because of its altitude. The cluster 
is nearly 2,500 light years distant and 
its individual stars can be resolved in 
binoculars as well as telescopes. 


Betelgeuse (Alpha Orionis) 
Orion 
05h 55m 10.30s 
+07° 24’ 25.42 
+0.2 to +1.2 
Naked eye 
It's not too hard to spot the orange- 

red hue of the ninth-brightest star in the night 
sky. Red supergiant Betelgeuse is a variable star, 
meaning that its brightness fluctuates between 
magnitudes of +0.2 and +1.2, which means it is 
occasionally the seventh-brightest star in the 
night sky. You can use a telescope or binoculars 
to view Betelgeuse, however, you'll see nothing 
more than you can with the unaided eye. 
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How to take a 
So) elarciarelisasiaar 


It's easy to take this unusual picture of the Sun's position over time. Here's how... 


Over the course of a year, the Sun 
changes its position in the sky. It 
moves in both declination (up and 
down) and in an east/west direction. 
We see this as the seasons change, 
as the Sun seems higher in the sky 
during the summer months (from 
northern latitudes) than it does in 
the winter. It is possible to record 
this very slow motion over the year 
photographically and this produces a 
pattern on the picture of the images 
(o)imda (ome) bam covesnvelcar-Mcjuccicelslceme)uis 
figure-of-eight pattern, known as a 
solar analemma. 

The analemma itself is an abstract 
idea, it doesn't really exist other than 
as a time-lapse image, which is in 
fact a graph of the motion of the Sun 
showing its movement in our sky 
over the course of a year. Such an 
image proves that the Earth is tilted 
on its axis to the plane of the Solar 
System by 23.5°, because if it wasn't, 
the Sun would always appear in the 
Same point in the sky at the same 
time everyday throughout the year. 
In other words, just a small disc on 

‘the image. It is therefore, a record 
of the Sun's seasonal variation in 
declination and its motion east/west, 
yas determined by the ‘equation of 


time’. It also shows us that we travel 

in an elliptical orbit about the Sun. 

The word ‘analemma’ comes from the & 
Greek, which means the pedestal of 

a sundial. 

The first photographic image of * 
the analemma was taken by the 
American astronomer Dennis di 
Cicco in New England, USA between 
1978 and 1979. He made 44 different 
exposures on a single frame of film, 
all taken from the same location, = 
at the same time of day, and most 
importantly, using a solar filter. You , 
can do this yourself, either to produce 7 
just a pretty picture, or you can 
annotate the image with date marks, a 
which then turn it into a scientifically 
useful aid in calculating such things 
as sunrise and sunset times. 

It is possible to photograph the 
analemma by leaving a camera 
in a fixed position for an entire 
year, but for most, this is neither 
practical or desirable. If you 
follow the steps shown here, co * 
you have a good chance of 
creating an analemma image 6 we 
for yourself. You don't have to 
take a picture every day, once 
every few days is fine but you do 
need to be consistent if you can! 
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What do I 
need? 
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There are a few simple 
Remember to take great | aa : ‘ 
care when imaging the | : things you need in 
sleet! Wah : order to take a solar 
quality solar filters. ; 
analemma image 
Camera 


A DSLR camera which can take 
different lenses. Most DSLR cameras 
for the ‘prosumer’ market use an APS 
format sensor, so this will dictate 
which focal length of lens you use. 


Lens 

This depends on the size of sensor in 
your camera. You need a lens which 
will give you at least a 70° field of view. 
A 20mm or 24mm fixed focallength 
lens should work well. 


Tripod 

You will need a good, sturdy tripod on 
which to mount your camera. There 
are many types and makes available. 
Get one that is easily adjustable. 


Solar filter 

This is of supreme importance! Never 
look through your viewfinder without 
a filter fitted to the lens! ‘AstroSolar 
Safety Film' can be made into a 
suitable filter quickly and easily. 


Filter 

Again, this is very important! 

Check the condition of your 

solar filter each and every time 
before you use it. If there are any 
scratches, scuffs or ‘pinholes’ discard 
the filter immediately. 


Weather 

Obviously we have no control over 
the weather, but you-_can still take an 
image as long as there is a gap in the 
clouds for the Sun to be seen. 
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Planning 

A good analemma image takes meticulous planning and persistence. You will 

need to investigate your site for ease of access and general weather conditions, 
plus it’s a good idea to have a visually interesting foreground. Remember to 
allow for the time change to daylight saving time (DST) and back again, so work 
in universal time (UT). Also record the date and time of each shot. Most digital 
cameras do this automatically, but you'll need to make sure that it is set up. 


Framing the image 

The first image you need to take is of the foreground and not of the Sun. 

Therefore choose a clear day and aim to take an image which will serve as 
a reference to provide visual interest in the picture, so trees, buildings etc are good 
here, but keep the top two thirds of the frame clear to allow room to superimpose 
the images of the Sun. This image will also act as your reference to setting up and 
positioning the camera for the subsequent images of the Sun you will take. 
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Lights, camera, action! 


Now youre ready to shoot your analemma image. Here's what to do... 
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More planning 

You can use modern desktop planetarium software to help you in planning 

your analemma project. Checking out the altitude of the Sun in the sky 
at the winter and summer solstices will help you work out the best position for 
your camera and the field of view that you will need. The angle of tilt of the 
analemma will depend on your latitude on Earth, which you will also need to 
take into account when setting up the shots. 


Fitting the solar filter 
To take pictures of the Sun you must use a suitable filter. This is to protect 
both you, the sensitive sensor inside the camera and the expensive lens 

you are using. Only purchase solar filters from reputable astronomical equipment 

dealers. You can use glass-based solar filters but the easiest to use is AstroSolar 

Safety Film. This comes in sheets and you can make your own filter to fit your 

lens. It must be a good fit, so take care and follow the instructions. 
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Camera settings 

Once the filter is in place you can point your camera safely at the Sun. Set 

the camera to ‘manual’ and use a low ISO number such as 100 and set the 
aperture wide, around f/2 or similar. Set the focus at ‘infinity’. The Sun will appear 
quite small, no more than a large dot, but focus it as well as you can. Take a couple 
of test exposures to find the best exposure time for your setup. It will probably be 
only a few tenths of a second. 
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Frequency of shot 
/ There is no hard and fast rule here. It really is up to you, but you do need to 
be as consistent as possible. Weather patterns will almost certainly interrupt 
the plan! The most important thing, to get the best pattern possible, is to take an 
image at exactly the same time each time; to the second. You will require around 
AO to 50 images to look good, so once every eight days or so is probably a good 
frequency to aim for. 


What other Analemma 
can I take? 


Lunar Analemma 

Camera Settings: 

Exposure times will be variable, 
due to the varying brightness of the 
phases of the Moon. This is even 
more challenging! 


Geosynchronous satellites 


| 
Camera Settings: 
Much fainter objects, so 
considerably longer exposure times 
will be necessary. Again, careful | 
planning and testing is required. 
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Framing the image 2 

You need to position the camera in exactly the same place each time you 

take an image to allow for easy registration of all the images in image- 
processing software, once you've completed the project. Marking the ground where 
you place the tripod is a good idea here, as well as the orientation of the tripod 
head. Have a printout of the first image to hand so you can see through your 
viewfinder or view screen how well you have lined it all up. 





Processing the image 

There are several image-processing software packages available in which 

you can process your final image. You will need one that will allow you 
to work in layers, such as Adobe Photoshop. Bringing all the images together and 
registering them will need great care for a really effective picture. Have a look 
around on the internet at other people's images of the analemma to give you an 
idea of the type of end result you are aiming for. 
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Late summer 
Stargazing 


The summer months have many a space spectacle to offer and 
the warm weather makes for more comfortable viewing 


Summer can be a blessing for stargazers and it tends The Milky Way, too, shows us its more spectacular observations, however, in the summer it never dips 
to bring out casual night-sky watchers, too. There are = side in the summer as the galactic centre briefly far below the horizon. It is therefore able to return to 
certainly many spectacles to glimpse, from planets peers above the horizon, allowing us a glimpse into the sky quickly, leading us to shorter nights and less 
and stars, to globular clusters and distant nebulae. its spectacular dust lanes. The zodiac constellation opportunity to gaze at cosmic wonders. Even from 

It is the globular clusters that can hold particular of Sagittarius, with its famous Teapot asterism, is the its position beneath the horizon it is still capable 
majesty this time of year. Huge conglomerations place to look. of beaming some of its light into the lower parts of 
of ancient stars, they often contain hundreds of As with all times of the year, you'll need a range the sky, meaning faint objects close to the horizon 
thousands of members, all packed into a relatively of observing equipment depending on what you're present more of a challenge than they would in the 
small part of space. If you were to find yourself on a trying to look at. For some objects simply your winter, nature’s own summer light pollution. 





lanet orbiting one of those stars, you would see tens _ eyes will suffice and, for others, you'll need a pair however. Jewels like the 


i) 


PsWeo) ni binvea(oyemeymo)c-velaece-valel 
the Moon above the Paranal 
CO) Satelce ater nei(s 
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Late summer stargazing 








Globular cluster Asterism 

A collection of ancient stars that A familiar pattern of stars but 
are densely packed in a roughly not an official constellation 
spherical group, bound together - the most famous example 
by gravity. being The Plough. 





©} Nakedeye ®@% Binoculars K Small telescope 
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‘Vega 
Original Kepler field of view ‘“ 
Type of object: Known exoplanet region tS Peet cate Nas » 
Constellation: Cygnus/Lyra ns = Hate A 


|} Magnitude: N/A fi esses ne salts ancy 
Right ascension: N/A erg ee eS 
= Declination: N/A 
Minimum optical aid: Unaided eye 
How to find: If you look directly between the 
bright stars Deneb (in Cygnus) and Vega (in Lyra) 
you'll be peering into the same region as the 
Kepler Space Telescope when it was launched. , 
This region is home to some of the Earth-like 
_ planets it has revealed beyond our Solar System. 





© Original Kepler f 
~ field of views 


ri te : 
|, : # 





Perhaps someone is looking back at you. ; rd : . law 
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Epsilon Lyrae 

Type of object: 

Double double star 
Constellation: Lyra 
Magnitude: +4.7 
Right ascension: 18h 44m 22.7803s 
Declination: +39° 36’ 45.798” 
Minimum optical aid: Binoculars 
How to find: With a pair of binoculars 
this single star will appear as two stars 
close together in the same field of 
view as Vega, Lyra’s brightest star. With 
a small telescope, those two in turn 
will each be revealed as double stars 
themselves, leading it to be known as 
the Double Double. 


© 


Albireo 

Type of object: Double star 

Constellation: Cygnus 
Magnitude: +3.55 
Right ascension: 19h 30m 43.286s 
Declination: +27° 57’ 34.84” 
Minimum optical aid: Binoculars 
How to find: Albireo sits at the ‘beak’ 
of Cygnus (the Swan). Find the bright 
star Deneb, follow the line through 
its wings and continue along its neck 
until you reach the double star with 
components shining golden yellow and 
electric blue. One of the widest doubles 
in the sky, it doesn't take much optical 
power to prise them apart. 
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Brocchi's Cluster 

Type of object: 

Open cluster 
Constellation: Vulpecula 
Magnitude: 3.6 
Right ascension: 19h 25m 24s 
Declination: +20° 11’ 00” 
Minimum optical aid: Binoculars 
How to find: Often known as the 
Coathanger due to the shape traced 
out by its stars, Brocchi's Cluster is one 
of the easiest open clusters to observe 
in the sky. Place your binoculars on 
Albireo and follow a straight line 
through alpha Vul and continue in that 
direction until you find the cluster. 
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Dumbbell Nebula 
(M27) 

Type of object: 
Planetary nebular 
Constellation: Vulpecula 
Magnitude: +7.5 
Right ascension: 19h 59m 36.340s 
Declination: +22° 43’ 16.09” 
Minimum optical aid: Binoculars 
How to find: One of the first planetary 
nebulae to be discovered: find it by 
Starting with Albireo in Cygnus. Pick 
out the line between Vulpecula’s bright 
alpha Vul and 15 Vul. Bisect this line 
and continue onwards for about the 
Same distance and you'll find M27. 
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Sualocin and Rotanev © 


Type of object: Stars 

Constellation: Delphinus 
Magnitude: +3.6 and +3.8 
Right ascension: 20h 37m 32.94130s 
(Rotanev) 
Declination: +14° 35’ 42.3195” 
Minimum optical aid: Unaided eye 
How to find: These two stars form the 
right-hand side of a four-star asterism 
known as Job's Coffin, and make up 
the head of Delphinus (the Dolphin). 
They are noteworthy because when 
spelt backwards they become the Latin 
name of a Sicilian astronomer, who 
managed to sneak his name into the 
history books and the heavens. 


Type of object: Globular cluster 
Constellation: Hercules 
Magnitude: +5.8 
Right ascension: 16h 41m 41.24s 
Declination: +36° 27' 35.5” 
Minimum optical aid: Binoculars 
How to find: Often called the Great Cluster in 
Hercules, this beautiful group of ancient stars is 
found on the right-hand side of the Keystone - 
the asterism of four stars that makes up the body 
of Hercules. It is located about a third of the way 
down between the stars eta Her and zeta Her. 


The Teapot 

Type of object: Asterism 

Constellation: Sagittarius 
Magnitude: 1-3 
Right ascension: 18h 27m 
Declination: Centred around -30° 
Minimum optical aid: Unaided eye 
How to find: One of the most famous 
asterisms in the sky, The Teapot 
forms a large part of Sagittarius's 
torso, head and bow arm. Locating it 
is an easy way to make sure you are 
looking approximately towards the 
centre of our Milky Way galaxy, where 
the density of stars and dust lanes 
increases dramatically. 


Ring Nebula (M57) 
Type of object: Planetary nebula 
Constellation: Lyra 
Magnitude: +8.8 
Right ascension: 18h 53m 35.079s 
Declination: +33° O1' 45.03” 
Minimum optical aid: Small telescope 
How to find: Beneath the bright star Vega sit 
four dimmer stars arranged in a quadrilateral. 
The Ring Nebula - the leftover remnant from the 
death of a star like the Sun - sits about halfway 
along the short, lower edge and looks a lot like 
someone has blown a smoke ring in the sky. 
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Natural oa + 
satellite ee aN ic Wes Star-forming region 
Sagittarius \; See Pir: - ne y Serpens 
-12.2 yen i... ae +6.0 
19h 02m | ee ie SA a | 18h 18m 48s 
-18° 13' eS seca witha ae a i. -13° 49’ 
Unaided eye alate Ray die ES ON ee gt. am Binoculars 
Unmissable. 29 August i) , From M11, climb slightly 
sees a full ‘supermoon’, when the Do ES Sl ree ea to beta Scu and then follow the stars 
Moon's greatest phase coincides with  [.sRiy 9s =! ieee nnn ae ey of Scutus round clockwise passing 
its closest position to Earth. It should [yest sae ee oe ae through alpha Scu and arriving at 
appear slightly bigger in the sky at this © 7 *. t es ; : — = ae gamma Scu. The Eagle Nebula forms 
point. Although without the shadows © ait Jonge Tee, ~ elle the apex of an equilateral triangle 
provided by lesser phases, it willbe = |) ss with this star and HIP 89851. This 
harder to pick out details in craters ee, Ee § region is home to the ‘Pillars of 
and mountains. ———— Creation’ where new stars are forming. 











NGC 869 andNGC Almach er Algol o> M5 er 
884 (The Double Double star Variable star Globular 
Cluster) Andromeda Perseus cluster 
Open clusters +2.3 +2.1 Serpens 
Perseus 02h 03m 53.9531s 03h 08m 10.1315s +6.7 
3.7 and 3.8 +42° 19’ 47.009” +40° 57’ 20.332” 15h 18m 33.22s 
2h 20m Binoculars Unaided eye +Q2° 04’ 51.7” 
57° 08’ This visible double star This star is what's known Binoculars 
Unaided eye can be found in the leg of Andromeda. as an eclipsing binary - two stars From Saturn look up 
Locate the distinctive It sits roughly between Mirach in which from time to time block out and to the right for quite a distance 
‘W' shape of Cassiopeia. Of the five Andromeda and Mirfak in Perseus. The some of each others’ light from our until you find the very bright, red star 
brightest stars, take the most central duo appears as one golden and one perspective. You should be able to see Arcturus in Bootes. M5 is located just 
one, gamma Cas, then head left and blue star, although deeper observations its brightest change over time. Find above the rough halfway point of the 
down towards Ruchbah. Keep going have shown that the blue star is it as the eye in the decapitated head line between them, and also creates 
along this line and you can't miss actually a triple-star system. So you get of Medusa (the Gorgon) in Perseus, a much shorter line with two stars in 


these young groups of stars. four stars for the price of one. slightly down from Mirfak. Virgo - 110 Vir and 19 Vir. 
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Saturn 


Planet 
Libra 
+0.7 
15h 48m 
-18° 05’ 
Unaided eye 
Particularly bright, 
Saturn is hard to miss as long as you 
look early in the evening in the south- 
west. It isn’t far from the dazzlingly 
bright red star Antares in Scorpio. 
Even a small telescope will begin 
to reveal its famous set of gleaming 
rings. You might even spy one of its 62 
moons too, as a bright and distinctive 
spot near the gas giant itself. 








M3 er Andromeda o> Wild Duck a al 





Lagoon Nebula 


(M8) Globular Galaxy Cluster (M11) 
cluster Galaxy Open 
Emission nebula Canes Venatici Andromeda cluster 
Sagittarius +6.2 +3.4 Scutum 
+6.0 13h 42m 11.62s OOh 42m 44.3s +6.3 
18h 03m 37s +28° 22’ 38.2” +41° 16’ 9” 18h 51.1m 
-24° 23' 12’ Binoculars Unaided eye -06° 16’ 
Binoculars From the bright star Start with Cassiopeia. Binoculars 
Take two stars on the Arcturus in Bootes, head towards the Gamma Cas, along with Shedir and Return to Altair in Aquila 
left-hand side of the lid of The Teapot - star Cor Corali in Canes Venatici. Just Caph, form an arrow that you can (the Eagle), then pick out delta Aql 
phi Sag and Kaus Borealis - and extend under halfway along this line is the follow down to the Andromeda Galaxy. slightly to the lower right. Join the line 
that line upwards and you'll come to a globular cluster M3. Along with M13 Or, start with Mirach in Andromeda between them and continue towards 
region containing quite a few objects of (in Hercules) it is considered one of the and climb upwards through mu And lambda Aql. The constellation of 
note including the Lagoon Nebula and best globular clusters visible from the and nu And. Binoculars can help in Scutum and M11 within it are on the 


Trifid Nebula. northern hemisphere. medium-level light pollution. right (about five degrees). 





© NASA; University of Princeton PR; NOAO; ESO 
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How to make a pinhole camera 


All About Space shows you how to observe the Sun safely, without a telescope and with little to no cost at all 


It's one of the safest ways to observe 
the Sun: a pinhole camera doesn't 
require you to look at our nearest 
star directly (which can damage your 
eyesight and even blind you) at all. 
Pinhole projectors are probably one 
of the cheapest pieces of equipment 
to view not just events such as solar 
eclipses, but also sunspots on the 





solar surface. With just a few simple 
supplies you can make one of these 
devices with ease, which lets you 
observe the Sun from anywhere in the 
world - and with little to no expense 
at all. You're even likely to have some 
of the materials you need to make this 
pinhole camera at home already. What 
are you waiting for? 





The great thing about a pinhole camera is that you can make one quite 
quickly and relatively easily with items to hand. To begin, you should choose 


| Gather your equipment 


a box that can be fitted over your head and that can be sealed easily to ensure that 


no light gets in through any gaps. 


Cut a hole in the box 
Once you have chosen a box that fits over your head with ease, you should 
carefully cut a small rectangle - either with a box cutter or a sharp knife - 
on one side of the box. You should take care during this step and, if it helps, draw 
lines with a pen or pencil to use as a template. 


What you will need 
v Abox Safety first! 











V Scissors Remember, it is extremely 
V Sticky tape dangerous to look at the Sun 
VY Apin or thumbtack without protection. Never use 

the naked eye, binoculars or a 
V Asharp knife 


telescope to observe the Sun 
without using the essential 
filters needed to protect 
your eyes. 


V Sheet of white paper 
¥ Aluminium foil 











Tape foil over the hole 


Using scissors, cut out a rectangular piece of aluminium foil that’s slightly 


larger than the hole that you have cut out of the box. You should ensure that 


the foil is not crinkled before taping it over the window beforehand. If you don't 
have any foil, you can use baking or photographic paper instead. 
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Poke a hole in the centre of the foil 

Using a pin, poke a hole in the centre of the foil, baking paper or 
photographic paper. Take care with this step and ensure that you don't 
damage the foil in any other way - you only require one hole for sunlight to travel 
through - any more and the pinhole camera becomes useless. 
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Stick a piece of paper inside the box Seal the box 

In order to get a good view of the Sun, secure a piece of blank white paper Using duct tape, seal the box. The inside should be kept as dark as possible, 

on the opposite end of the box to the rectangular ‘Sun window’. Secure it with no stray light interfering with the projected image of the Sun. To 
using sticky tape and, if required, trim it down to size using a pair of scissors to ensure that there’s no possibility of stray light entering the box, ensure that duct 
ensure a neat and tidy fit. tape covers its joints and corners. aes 


Short on time? ‘ 

If you've found out about a solar 
event such as an eclipse at the very 

last minute, then you can make a quick, | 

yet effective, solar projector using just 
two pieces of paper. Simply pierce a hole 
in one of the sheets of paper and hold a 
second piece of paper underneath it. | 
The Sun will be projected onto the ¢ 
second piece of paper - provided ¥ 
that you've correctly aligned 
your first sheet. 




























Measure the circumference of your head 

Next you'll need to cut a hole in your box using a cutting knife for your head 

to fit through. Choose the sturdiest side of the box for the hole and ensure 
that it’s between the foil and the paper. Measure the circumference of the widest 
part of your head to ensure that you cut a hole large enough for your head. 


Sunspot spotter 


A pinhole isp is best used for phenomena such as solar eclipses, but 
there is a way of using similar materials to get more out of observing the 
Sun's features - namely the cooler regions of the solar surface known 

as sunspots. You will need a pair of binoculars or a telescope (both on a 
tripod) for this part of the tutorial. 

Assembly is quick and easy to achieve. Get a piece of card and cut holes 
that can fit the lenses of the binoculars or telescope, before securing it with | 
some duct tape. Next, point the lens(es) towards the Sun without looking Start observing safely 
through your device - this may take some practice. Using a piece of paper 
or card, you will be able to project a magnified image of the Sun's disc and 
any sunspots. 














You are now ready to safely observe the Sun. Head outside and stand with 

your back towards the Sun. Place the box on your head with the hole you 
have pierced in the foil towards the Sun. Adjust your position until you can see the 
Sun's image on the paper inside the box. The Sun will appear as a bright white disc. 
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How to view a 


_IMeteor shower | 


With our guide and a little yeverelieted you can easily get the 
best views one of the astronomical highlights of the year 





ra 





o 
Meteor showers or ‘shooting stars’ Perseids, which peaks on 11 August » : PS 
have nothing to do with stars: they this year. However, a new moon on | 
are in fact dust grains buming up in 14 August will mean the darkest 
the atmosphere as our planet passes conditions for viewing. Look for a : : 
through a cloud of.debris strewn ‘viewing spgt with a low horizon and 
across the Solar System by a passing eo low light pollution. You should see’a " . = ¥ Y 
comet. One of the very best is the meteor or two a minute at the peak. # AL mi 
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The Leonids is another, 
- « potentially spectacular 
annual meteor show 
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STARGAZER 
How to view a meteor shower 


See the Perseids 


Your guide to one of the most prolific meteor showers of the year 


‘ y Tans ih fi = 
| fe a 
Seg 


Pick your location Let your eyes adjust 

The less light pollution you are exposed to, the more meteors you are likely to The longer you are in the dark, the more your eyes will adjust to the low 

see. It also pays to be somewhere without many tall trees or buildings around light. Allow half an hour to adjust fully and don't use bright lights like 
So you can see the horizon towards the north - the top of a hill is ideal. phones. Use a red torch if you need to look at anything non-celestial. 


Locate the Perseus constellation Be patient 

Not far from the constellation of Cassiopeia, the Perseus constellation is The Perseids are known to be at their most impressive at midnight and in 

home to the radiant of this shower (the point from which the meteors the hours that follow, so be prepared for a late night to catch them at their 
emanate). Don't look directly at it, scan your eyes in a circle around this region. majestic best. You can also scan the skies with binoculars for a meteor close-up. 


Enjoy the 

spectacle 

As you spot 
shooting stars blazing 
through the sky, stop 
and think about what 
you are seeing - grains 
of dust that are older 
than planet Earth 
burning up in an oxygen- 
rich atmosphere that 
supports the only known 
life forms in the cosmos. 
It is a real chance to 
glimpse our connection 
to the universe at large. 


© Alamy; Ed Crooks 
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Using the 
sky chart 






Please note that this chart is 
intended for midnight mid-month 
and set for 45° latitude north or 
south respectively. 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


6) 


Q2 Face south and notice 
that north on the chart is 
behind you. 


The constellations on the 
chart should now match c 
what you see in the sky. 


Collinder 399 (The 
Coathanger Cluster) 


STARGAZER } 





Galaxy NGC55  ~~—_ Open ‘Star Cluster 
NGC 6231 








Sareh your astronomy photos and pictures’ - 






re ae you with your telescope to photos 


fell 


“spaceanswers.com and we Il showcase: ce 


a oh. | 


* them every Issue 









Shalit oe a | cleattyilustyated my: ies sy the night sky." 


Li ® 


: Texas, USA 
Telescope: Celestron Advanced 
: ‘VX 8" Newtonian 
ia “Having planned @ full night 
of capturing the night sky, my 
* __ sights directed me towards 
| imaging a waxing gibbous | “!» — 
= , Moonrand the Milky Way, among other deep- : 
‘. sky objects. Since these targets are some of my 
favourite night-sky sights, they were worth the 
sleep-deprived-night that I used to capture them. 
“The colourful waxing gibbous Moon 
: | ' brought many smiles from myself and everyone 
who I had shared it with, for it showed wonderful ° 
-' subtle shades. However, thé Milky leva image 
a that, depicted myself reaching out to the starry 
oe my all- time favourite, because it a 





r “ 


=o a 


as. hie cuatsilincriesat minbtiicdicin Sauecbelaaae 
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A supermoon in Turkey 


Denise Ametbay 
Republic of Kazakhstan, 
Central Asia 
Telescope: Celestron 
SkyProdigy 6 Schmidt- 
Cassegrain 
“T shot this image of the 
supermoon with my brother, 
Omar Ametbay, when we were on vacation in 
Turkey. My hometown of Almaty is surrounded 
by mountains, so there was no possibility of 
capturing the Moon near the horizon, so we 
shot the supermoon on our return flight. To 
take the image, we used a six-inch Schmidt- 
Cassegrain telescope as well as a Canon 1DX 
DSLR camera and a Moon filter.” 





The Sun in H-alpha 


A sunspot in white light 


AR 2192 @ 


S 
Xaxel 
ail.” 





Send your photos to... ©) @spaceanswers © photos@spaceanswers.com 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 


John Brady 


Location: West Lancashire, UK 

Twitter: @BetelgeuselO 

Info: Astronomer for ten years 

Current rig 

Telescope: Sky-Watcher Explorer 200P, Coronado SolarMax 
60 Solar Telescope 

Mount: Motorised EQ5 

Other: 2.5-metre-high rotating dome observatory, DMK41 CCD 
camera, Celestron 12x80 binoculars 


“The Sun on 22 April 
this year, taken with 
my Coronado SolarMax 
60 and DMK41 CCD” 


“Me at the observatory. It's 
definitely a feature seen from 
the road, that’s for sure!” 






8 


“Ever since I was a kid, I have always and find it exciting that I can set up 
looked up to the night sky. I remember for solar imaging not knowing what 
my dad taking me on evening walks I'm going to see, as our nearest star is 
and showing me the Milky Way such a dynamically changing object. 


arching high overhead. He described 
the thousands of stars we could see 
as ‘pepper’ and it's thanks to this sight 
that my interest was sparked. Years 
later, I built a Dobsonian telescope 
with a ten-inch mirror. For a first 
attempt the finished result wasn't 
bad - the base was a bit wobbly but I 
was thrilled that I could track down 
galaxies 50 million light years away. 
“‘T now have a 2.5-metre-high 
observatory where I observe using 
two telescopes - one for night-time 
astronomy and a dedicated telescope 
specially built for solar observing 
only. I enjoy imaging the Sun with 
my CCD camera and solar telescope, 


It's thrilling to scan across the solar 
disc with my CCD on high power 
and to come across an active region 
bristling with activity, or see a huge 
prominence erupting from the solar 
limb. I enjoy sharing my images 

of the Sun, Moon and planets on 
social media and the forum of my 
blog, which can be found at www. 
astronomycentral.co.uk. 

“Some of the best night skies I 
have seen are from the Isle of Skye 
and Snowdonia. I have also recently 
visited a good dark site in the centre 
of the Forest of Bowland with the 


Central Lancashire Amateur Stargazing 


Society (CLASS).” @ 


John's top three tips 


1. Get some 
binoculars 


2.Getoutoftown 3. Make alist 
Take friends and go as Whatever your skill level, 


If youTe starting out, get far away from population _ list the objects you want 


a pair of binoculars to 


centres as possible, 


to observe first. This 


learn the sky. Targets like where you can admire makes for more efficient 


large open star clusters the star-filled skies 
without the interference than setting up and 
of light pollution. 


can look best with 
10x40s or 10x50Os. 
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night viewing rather 


wondering where to look. 


® 


“Jupiter with its moon Europa to 
the left, Io at the centre casting 
its shadow on the gas giant and 
Ganymede right” 
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“Galaxies NGC 3166 and NGC 3169 
captured using the Star Shadows 
Remote Observatory” 











Menaker and Jack Harvey” 
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“The spiral galaxy NGC 1566, acquired 
by:Star Shadows Remote Observatory 
by myself, Steve Mazlin, Steve 
Menaker and Jack Harvey” 





“The spiral galaxy NGC 2613 acquired 
by Star Shadows Remote Observatory 
by myself, Steve Mazlin, Steve 


stargazing stories 









Wartre 
Current rig 


Carolina owned) 


» Carolina owned) 


n Keller 


f Location: West Virginia, USA 
| Twitter: @Warhenk 
| Info: Astronomer for 17 years 





Telescope: 16” RCOS Ritchey-Chrétien (University of North 


Mount: PlaneWave 2OOHR Ascension (University of North 


Other: Alta U9 CCD (University of North Carolina owned), 
Paramount ME mount, Atik 11000 CCD and EF W2 filter 
wheel, Celestron C8 Schmidt-Cassegrain, Advanced VX mount 


“A child of the Sixties, Star Trek 
and 2001: A Space Odyssey, I began 
exploring the night sky at 15 years 
old. I used an 8" Newtonian telescope 
and was given Fred Hoyle’s book 
entitled Astronomy with a cover that 
had the glossiest, full-colour photo of 
the Dumbbell Nebula in the blackest 
of skies. I knew from that moment 
I would someday photograph the 
heavens’ wonders. My passion faded 
into the background as I was growing 
up and it was not until 1997, when 
I received a gift of a star chart and 
achromatic telescope, that this passion 
was Teignited. 

“Beginning with photographic 
film in 1998, I switched to imaging 
with CCD cameras in 2003. Artistic 
by nature, it’s less about cosmology 
and more about the thrill of the hunt 
for the myriad beautiful shapes and 


colours throughout the universe. Later, 


my astrophotography tutorial business 
called IP4AP.com was named a Sky & 
Telescope Hot Product, and I've had 
the privilege to have given thousands 


of budding astrophotographers a quick 
start to taking their own great photos. 

‘I'm proud to have been published 
as an author and photographer in 
many astronomy magazines as well 
as many places on the web, including 
NASA's Astronomy Picture of the Day 
(APOD). Three large-format prints 
were chosen for 2012's Starstruck: 
The Fine Art of Astrophotography 
exhibit, which opened at Maine's 
Bates College. I'm currently writing a 
book on PixInsight for Springer Press 
and was Atik CCD's North American 
representative and consultant to 
Celestron where I co-designed AstroFX 
software for the Nightscape camera. 
I'm now a part-time representative for 
QSI Imaging. 

‘I've spoken at the Advanced, the 
North East, the Midwest, and RAW 
astroimaging conferences and was 
the director of SWAP - the Southwest 
Astrophotography seminar in Tucson 
in 2013 and 2014. I was elected to the 
board of directors of the Advanced 
Imaging Conference (AIC) in 2015.” @ 


“Tt's more about the thrill 


of the hunt for the myriad 
shapes and colours of space” 


Warren's top three tips 


1. Practice, practice, 2.Investinagood 3. Consider your 


practice mount imager 

Learn your craft. Develop Purchase the highest- If your plan is DSLR 
your eye. When you quality equatorial mount astrophotography, 
complete an image, you can afford. It's better modify it to remove 
compare it to versions by to purchase a good, the IR blocking filter. 
top astrophotographers. cheaprefractor,thanuse For CCDs, begin witha 
Strive to replicate them. =a subpar mount. colour or mono camera. 
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Telescope 
advice 


Cost: £349.99 / $509 

From: Optical Hardware Ltd 
Type: Spotting scope 
Aperture: 3.15" 

Focal length: 18.9” 


Best for... 


\_@) Intermediate 

{ Small budget 

- Planetary viewing 
{ Lunar viewing 


Bright deep-sky objects 







A 20-60x 
Zoom eyepiece, 
along with a 
protective case are , S 
supplied but a tripod . s 
must be bought 
separately 


The Olivon T800's 1.25” eyepiece 
holder accepts astronomical 
eyepieces, making it ideal for 
observing bright night-sky targets 
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Olivon 'T8OO 


With its sturdy outer armour and nitrogen gas-filled optics, the 
T800 is ideal for observing while staying protected from dew 


The spotting scope is an instrument 
that's not very well associated with 
stargazing. It is most commonly used 
by the avid nature watcher, who takes 
great delight in observing birds and 
other forms of wildlife. Given our 
experience with the Olivon T800 
though, we've found it to be an ideal 
companion for observing the night 
sky, in particular the Moon and 
notable star clusters, including the 
fine globular cluster Messier 7 in the 
constellation of Scorpius, close to the 
‘stinger’ of the scorpion. 

Taking the spotting scope out of its 
box, we were reassured by the care 
that had been put into packaging: 
it's sturdy and there is plenty in the 
way of padding to ensure that the 
instrument is sufficiently protected 
- the Olivon T800 comes with a 
protective case as well as a 20-60x 
zoom eyepiece. In order to get a steady 
view, you'll need a suitable tripod, 
something that unfortunately needs 
to be purchased separately. If you do 
not own a tripod, then we strongly 
recommend that you buy the T800 
either with a TR150-10 tripod included 
in the package (£419.99 or $608) 


“, 


or complete with a TR154-11 tripod 
(£489.99 or $673). The spotting scope 
has a very versatile 1.25” eyepiece 
holder that makes it ideal for use with 
astronomical eyepieces. The Olivon 
T800 has been manufactured to be 
waterproof, allowing nature lovers to 
watch wildlife in a variety of weather 
conditions and so, features a fully 
waterproof, rubber-coated body to 
protect the aluminium body and 
optics. For that added security, there 
is also nitrogen fog-proofing inside 
the armour. Astronomers know all 
too well about the condensation and 
dew that a change in temperature (ie 
from moving your telescope from the 
warm indoors out to the much colder 
outdoors) can affect observations 
and ultimately, cause damage to the 
coating on the objective lens and 
optical system if it isn't removed 
carefully. The Olivon T800, despite its 
exquisite body armour, is quite light. 
During our review, we were treated 
to the show that June's planets put on 
at dusk: Venus and Jupiter were in the 
process of drawing ever closer together 
and a waxing crescent Moon wasn't 
too far behind them in the western 


“The Galilean moons - Io, 
—. Ganymede, Europa and — 
>, Callisto - could be seen 





sky. The sight was spectacular to the 
unaided eye but we were keen to test 
the Olivon T800’s mettle on these 
objects. Starting at the Moon, we took 
advantage of the terminator, which 
played up several of the lunar surface's 
craters - Hipparchus, Halley, Klein and 
Faraday were revealed beautifully in 
the light and shadows in the T800's 
field of view. The full multi-coated 
lens along with the BAK4 prism 
ensured clear and crisp views across 
a very good proportion of the field 
of view using the high-quality zoom 
eyepiece. This is something that can 
often disappoint with cheaper spotting 
scopes. Operation of the zoom 
eyepiece is smooth, similarly with the 
twist eye cup, which has very good 
eye relief for those with or without 
glasses. The angled orientation of 
the spotting scope made for very 
comfortable viewing. 

When it came to removing the 
zoom eyepiece, it did take a degree 
of effort initially, however, despite 
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this, we were glad of the secure fit. 
The same could be said for when we 
slotted 1.25” telescope eyepieces into 
the spotting scope, and we appreciated 
the snugness. With our selection of 
astronomical eyepieces, we had the 
option of increasing the magnification 
and also obtaining a wider angle of 
the field of view, making the spotting 
scope ideal for obtaining larger star 
fields and star clusters, as well as 
bright Solar System targets and 
attractive, bright nebulae. 

Leaving the waxing crescent Moon, 
we slewed to Jupiter and Venus. In 
our field of view, we couldn't wait 
to observe the brighter of the pair, 
Venus, which shone at a magnitude 
of -4.4. The second planet from the 
Sun appeared as a bright disc, devoid 
of any detail - as expected. Since the 
target was bright there was a touch of 
glare around the object but otherwise, 
the view was pleasing enough. 
Turning our attention to Jupiter, we 
had much of the same - an obvious 
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The Olivon T800 features a fully waterproof, 
rubber-coated body to protect the optics 







The optical system features a BAK4 
prism and a multi-coated lens for 
clear and crisp views. However, we | 
did receive a degree of glare when 
observing bright targets 












disc, with a degree of glare, yet an astronomy 
otherwise steady and clear view. that’s limited 
The Galilean moons - Io, Ganymede, to the brighter 


Europa and Callisto - could be seen 
as points of light either side of the 
gas giant. We couldn't see a great deal 
of detail on the gas giant. Finding 
our way around the night sky was 
made slightly more difficult without 
a finderscope - something that many 
beginners to astronomy will more 
than likely find frustrating. 

With clouds beginning to cover 
the sky, we quickly left the planetary 
conjunction and headed over to 
the open cluster Messier 7 in the 
constellation Scorpius. The member 
stars popped into view as impressive 
white, clear and crisp points of light. 
Several stars in the cluster appeared 
to take on a slight orange-red 
colour, which gave the cluster a 
beautiful two-toned appearance. 

The Olivon T800 is an ideal 
instrument for those with 
an interest in both nature and 


targets. If you're 
solely an astronomer 

or someone who is just 

learning your way around the 

night sky though, then you are better 
off purchasing a pair of binoculars 

or a telescope that comes as a more 
complete package. However, if you're 
looking for an instrument that’s easy 
to carry and that complements your 
existing kit, then the Olivon T800 is 
certainly worth a look. @ 


Operation of the zoom eyepiece 
is notably smooth 
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Month-by-month 
stargazing guides for 2015 


There's plenty still to see this year: which of these should be in every astronomer’s library? 


Stargazing 2015 





2015 Guide To The Night Sky 


Cost: £6.99 (approx $11) 
From: Collins Astronomy 
The 2015 Guide To The Night Sky, 
which is the combined efforts of 
astronomy experts and the Royal 
Observatory Greenwich, is an 
ideal companion for observers in 
Britain and Ireland. The handbook’s 
authors, Storm Dunlop and Wil 
Tirion, have provided not just an 
easy introduction to astronomy 
but a useful reference for the more 
seasoned astronomer. 

One of the things we liked in 
particular about the 2015 Guide 
To The Night Sky is that, rather 
than provide a planisphere-style 
map, horizon maps for all compass 
points have been used. This makes 





Given that these month-by-month 
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Winner: 2015 Guide To The Night Sky 


almanacs both do the job of helping the 
novice stargazer find their way around the 
night sky to a very good standard, while 
serving as reference material for the more 
advanced astronomer, it was difficult to 
decide which of these handbooks gets our 
vote this month. However, despite not being 
as beautifully designed as Stargazing 2015, . 


it much easier to navigate the night 
sky every month. What's more, it 
includes phases of the Moon along 
with the positions of the planets, 
make locating them a breeze. The 
2015 Guide To The Night Sky has 
notable deep-sky objects marked on 
its maps to ensure a good selection 
of targets for the user to get stuck 
into observing. 

We were also pleased to see 
information on events included 
within this guide - in particular 
solar and lunar eclipses. We felt 
that we wouldn't miss a notable 
astronomical event, such was the 
exquisite detail of this handbook. 





Cost: £6.99 (approx $11) 
From: Philips Astronomy 


Written by astronomers Heather 
Couper and Nigel Henbest, Stargazing 
2015 does exactly what it says on the 
tin: helping skywatchers to see this 
year's most exciting events with the 
naked eye, binoculars or a telescope. 
Stargazing 2015 is suitable for 
observers between latitudes 40°N 
and 60°N, which includes Britain 
and Ireland, Europe as far south as 
Rome, as well as Canada and the 
northern portion of the United States 
as far south as Philadelphia. With 
each section of the book divided up 
by months of the year, Couper and 
Henbest's offering is easy to follow, 
making it a good guide for the novice 
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astronomer who is just learning their 
way around the night sky. What's 
more, the sky charts seem to manage 
well under red light, meaning that 
you can use this handy guide during 
observing sessions without ruining 
night-adapted vision. While many 

of the year's must-see astronomical 
events seem to be included, we did 
notice that details on Comet Lovejoy 
were missing. 

The authors have included extras 
in this concise handbook with 
information on Solar System and 
deep-sky objects as well as advice on 
choosing your equipment and dealing 
with light pollution. 
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AONTH-BY-MONTH GUIDE TO EXPLORING 
THE SKIES ABOVE BRITAIN AND IRELAND 


we thought that the 2015 Guide To The 

Night Sky was easier to use, with its sky 
maps having the edge over the planisphere- 
style maps in Couper and Henbest's guide. 
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kit reviews 


Stargazing gear, accessories, games and 


books for astronomers and space fans alike 


1 App 

Luminos 8.2.1 

Cost: £7.99 / $9.99 

From: iTunes 

Luminos has all of the workings of an 
excellent app, allowing you to point 
and scan as well as identify night-sky 
objects. The app also has some extras 
over other astronomy apps that many 
users will appreciate, such as allowing 
you to mark targets as you find them 
in the night sky and also recording the 
date and adding notes. 

Compared to other apps that 
we've used, there is a lot more in the 
way of objects including asteroids 
and satellites among others in the 
catalogue. A feature that we enjoyed 
in particular was being able to ‘hitch a 
ride’ on a satellite, which allows you to 
observe countries from orbit. You can 
also choose to observe from another 
wotld or object in the Solar System. 

If you own a telescope or pair of 
binoculars, you can set the field of 
view, which makes star hopping 
and locating objects easy - a useful 
function that gets a massive thumbs 
up from us! @ 
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2 Posters x 

Space travel prints 

OF =} Cea Lome oN C=] 0) 8) 60). PA6)) 

From: Lynx Art Collection 

During the heady optimism of the 
post-war generation and the heyday of 
the American dream, living on Europa 
and having a holiday on Mars by the 
year 2000 couldn't have seemed any 
more far-fetched an idea than robot 
servants and flying cars. 

The Lynx Art Collection's portfolio 
of space art is a celebration of this era 
in more than a dozen pulp fiction- 
style prints, extolling the ‘remarkable 
ice canyons of Pluto’ and encouraging 
us to ‘visit the historic rings of Saturn’. 
Some use famous quotes, others are 
a little darker, like ‘Earth in memoria: 
Come tour the home of our ancestors’. 
All offer a nod to missions, events or 
technologies from the past, present 
or future that space fans would 
appreciate, finished in the glossy, 
high grade and weight you'd expect 
from a quality print. Buy a couple and 
frame them: these would look good on 
your living room wall, whatever your 
partner thinks. @ 











3 Books 

100 Facts: Stars & 

Galaxies, Solar System 

& Space Travel 
Cost: £6.99 (approx $11) each 
From: Miles Kelly Publishing 
If you've got kids that you're looking 
to get enthused about space, then look 
no further - publisher Miles Kelly has 
teamed up with the Society of Popular 
Astronomy to bring you these three 
fun, fact-filled books that are sure to 
grab the interest of even those with 
the shortest of attention spans. 

With each page very well-balanced 
with a selection of colourful imagery 
and space facts, young minds are able 
to digest the bite-sized nuggets of 
information in three books of no more 
than about 50 pages - one based solely 
on stars and galaxies, one on the Solar 
System and another on space travel. 

Miles Kelly has also produced 
similar books encompassing 100 facts 
(o) ni =9-¢0) (0) nbn voas) py (ecu-) 816s LON r-elesme)n| 
astronomy. It’s not all just facts either - 
these books feature cartoons, quizzes 
and projects to change up the pace to 
learning all about space. @ 
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4 Binoculars 
Oregon Observation 
15x70 

{Oo} Cae ho ho (18) 0) 60), Gh) bose) 

From: Opticron 

Budding astronomers are often 

recommended to start out witha 

good quality pair of 10x50 binoculars. 

However, we think that the Oregon 

Observation 15x7Os will offer far more 

bang for your buck. 

Our first impressions of these 
binoculars were favourable when we 
put them to work - especially for the 
price. The rubber casing protects the 
15x70's optical system and makes 
them easy to hold. The binoculars 
are light but our arms began to shake 
after holding them up for about three 
minutes. We were forced to attach 
them to a tripod - something that’s 
fairly easy to do thanks to their 
versatile build. 

The 7Omm objective lenses are 
multi-coated and, combined with 
BAK4 Porro prisms, provided decent 
quality sights of the lunar surface with 
only a hint of colour-fringing along the 
Moon's limb and brighter stars. @ 
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__ FAILED 
STARS & SUPER 


All About Space meets brown dwarfs, the strange celestial objects 
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Written by Gemma Lavender : o: 
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Failed stars and super-Jupiters 


The brown dwarf is seen as a Stellar failure, a dropout 
from the school of star formation. These gigantic 
objects with their puffy gaseous outer layers, are 
the universe's students that didn't quite make the 
grade. You see, in brown dwarfs, nuclear fusion - the 
process that gives stars their power - has given up 
the ghost, leaving them relatively cold and some no 
hotter than the human body. Neither planet nor star, 
brown dwarfs fall into the grey area between the 
most massive gas giant planets like Jupiter (which 
is why they're known as ‘super Jupiters' because of 
their massive, gaseous nature) and the smallest stars. 
Their existence blurs the lines between what is a 
planet and what is a star and forces us to question the 
differences between how planets and stars form. 
Stars form when clouds of molecular gas collapse 
under gravity and condense until the pressure and 


temperature at the centre of the collapsing cloud is 
so great, that nuclear fusion reactions - which turn 
nuclei of the element hydrogen into the heavier 
helium nuclei - ignite. This kind of top-down 
formation is one of the key differences between how 
stars and planets form. Meanwhile, the worlds of our 
Solar System and many others that astronomers have 
been studying over the past 20 years form through a 
bottom-up process, where a core gradually builds up, 
becoming bigger and bigger. For the most massive 
planets, the core has enough gravity to begin stealing 
gas from the proto-stellar nebula around it, and this is 
where gas giants such as Jupiter and Saturn got their 
hefty atmospheres. 

Brown dwarfs form like stars, collapsing directly 
out of a gas cloud like a star in a top-down process. 
Clearly they are intended to become stars, but 


“Smelling a brown dwart's atmosphere 
wouldnt kill you, but it would stink 
pretty bad, like rotten eggs with a hint 


7 
of GINVUNION Id pr Amy Mainzer, NASA Jet Propulsion Laboratory 














Separating the planets from the stars 
' More massive and hotter than most planets, lighter and cooler than stars 
2000 
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D Separate gases - 
om ee a, , 
c There's not too much mixing in the 
v gaseous atmosphere of planets like | Af 
7 Jupiter. The king of the Solar System , : a v4 
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— prefers to keep some of its contents - 
v separate, with molecular hydrogen 
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. Nuclear fusion-free 
With no nuclear reactions 
occurring in a brown dwarf, its 
0 lithium isn't destroyed - objects 
that have an abundance of this 
soft metal are often suspected 
to be brown dwarfs. These failed 
stars are thought to be fully 
convective, meaning that they like 
to mix up their contents. 
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something happens along the way that causes them 
to become runts of the stellar litter, smaller and 
cooler than even the chilled-out red dwarf stars. 
Actually, the universe seems to favour smaller 
objects. The so-called mass function describes 
the distribution of masses of the objects that are 
created in a star-forming nebula. A handful will be 
massive stars that will one day die as supernovae. 
More will be Sun-like stars. Even more will be red 
dwarfs, smaller and cooler than our Sun. And the 
most common type of object that will form in a 
nebula will be brown dwarfs. This is backed up by 
observations with the Hubble Space Telescope of the 
Orion Nebula, which discovered 50 brown dwarfs 
amid the newborn stars of the Trapezium Cluster. 
There will undoubtedly be more brown dwarfs in the 
Orion Nebula, but they are difficult to spot because 
they are so cool and dim. Hubble used its 
near-infrared camera to find the brown 
dwarfs because at their low temperature, 
brown dwarfs give out most of their light 
in thermal infrared. 
In fact, so difficult are they to spot, 
the first brown dwarf was not 
discovered until the late-Eighties, 
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Failed stars and super-Jupiters 


“What we see here is evidence for 


massive, organised cloud systems akin 
to giant versions of the Great Red Spot 


on Jupiter” 


when astronomers Ben Zuckerman and Eric Becklin 
of the University of California, Los Angeles, found 

a suspected brown dwarf called GD 165B, although 
there remains some lingering doubt that it could just 
be a very low-mass star. 

Astronomers then had to wait another ten years 
before finding more brown dwarfs, with Teide 1 in 
the Pleiades star cluster being discovered in 1995. Of 
course, brown dwarfs had been theorised to exist 

long before the Eighties, and it was actually Jill 
Tarter of SETI fame who came up with the 
name ‘brown dwarf’ in 1975. Previously they 
had been known as black dwarfs, but this 
caused confusion with the other black dwarfs, 
which are what white dwarfs will eventually 
become when they cool down over trillions 
of years. Besides that, in actual fact brown 


® The industrious star 


Stars have powerhouses at their 
centre and there is a great deal of 
turbulence with plenty of mixing. ° 
The heat and light-making 
nuclear reactions in a star's core 
convert hydrogen into helium. 
DJU=M Koma al=K->.Co)d(omae)alelii(e) aie 
lithium isn't able to survive in 
stars such as red dwarfs. 


dwarfs are not black, or even really brown - they are 
more of a magenta shade. 

Huge advances in our understanding of brown 
dwarfs have been made in recent years, mainly 
thanks to WISE, which is NASA's Wide-field Infrared 
Survey Explorer satellite. WISE spent a whole year 
scanning the sky in mid-infrared light, wavelengths 
in which cool brown dwarfs should just pop into 
view. “The brown dwarfs jump out at you like big, fat, 
green emeralds,” says WISE deputy project scientist, 
Amy Mainzer. They appear green in WISE's images 
because their temperatures are coded to false colours. 
WISE has proven itself as a prolific brown dwarf 
discoverer, and it has ended up finding the coolest 
brown dwarfs discovered so far. They are so cool, 
in fact, that astronomers have had to come up 
with a whole new classification for them. 


Brown dwarfs have been found to have different 
layers or patches of material, such as hot grains of 
sand, liquid drops of iron as well as other exotic 
compounds, swirling around its atmosphere in 

windy storms as large as Earth itself 
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Failed stars and super-Jupiters 


Stars are grouped into types dependent on their 
temperature and luminosity. The hottest, most 
luminous stars are termed O-types. Next are B-types, 
then A-types, then F-types, G-types (like the Sun), 
k-types and M-types, the latter of which are red 
dwarfs. But brown dwarfs are even cooler than red 
dwarfs, so new types were needed to describe them, 
namely L and T-types. In 2014 though, astronomers 
using WISE found a brown dwarf called WO855- 
O714, which was so cold that it had a temperature 
of between -48 to -13 degrees Celsius (-54.4 to 8.6 
degrees Fahrenheit). This brown dwarf was described 
as Y-type, and a dozen or so more have subsequently 
been identified. Scientists have not even been able to 
rule out the possibility of one or more brown dwarfs 
lying closer to the Sun than the current nearest star, 
Proxima Centauri, which is 4.2 light years away. 

Traditionally, brown dwarfs are described as being 
between 13 and 80 times the mass of Jupiter, but 
W0855-0714 comes in below that - weighing only 
as much as between three to ten Jupiters - showing 
how difficult it is to define what a brown dwarf is, at 
least based on its mass. It has been speculated that it 
could be an escaped planet but astronomers suspect 
it is more likely to be a brown dwarf, simply because 
there should be so many brown dwarfs that the odds 
are against it being a rogue planet. 


“The thick clouds on this brown dwarf 


[ULAS J222711] are mostly made 
of mineral dust, like enstatite and 
corundum" Federico Marocco, University of Hertfordshire 


Brown dwarfs may form like stars, but they look 
more like planets, to the extent that they even have 
weather and clouds. For example, one brown dwarf, 
called ULAS J222711, appeared redder than other 
normal brown dwarfs. Under further inspection, 
astronomers from the University of Hertfordshire 
found that it was clouds scattering sunlight that 
were giving ULAS J222711 its red hue, but these were 
certainly not clouds like the fluffy water-vapour 
versions we have in Earth's sky. 

“The thick clouds on this particular brown dwarf 
are mostly made of mineral dust, like enstatite and 
corundum,” says the University of Hertfordshire's 
Federico Marocco. “Not only have we been able to 
infer their presence, but we have also estimated the 
size of the dust grains in the clouds.” These dust 
grains were calculated to be about 0.5 micrometres 
(0.5 millionths of a metre or 20 millionths of an inch) 


Teide 1: the first confirmed 


brown dwart 


Discovered in the Pleiades star cluster in the constellation of 
Taurus, Teide 1 was verified as a brown dwarf in 1995 


® Teide 1 

Weighing in at a hefty 55 
times the mass of Jupiter, 
Teide 1 has a temperature 
of around 2,327 degrees 
Celsius (4,220 degrees 
Fahrenheit) and is about 
120 million years old. 
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55 Jupiters ® | 
Teide 1 might have a radius 

similar to that of gas giant — 
Jupiter, but it takes 55 times 
the king of the Solar System 


to balance the scales. 







across. On another brown dwarf that we have already 
mentioned, W0855, there is also evidence for frozen 
clouds of sulphides and water-ice, while gases such 
as methane, hydrogen sulphide and ammonia are 
taken as a given. “If you could bottle up a gallon of a 
brown dwarf's atmosphere and bring it back to Earth, 
smelling it wouldn't kill you but it would stink pretty 
bad, like rotten eggs with a hint of ammonia,” says 
Amy Mainzer. 

Most brown dwarfs could also be stormy, further 
cementing their similarities with Jupiter-like worlds. 
WISE's infrared predecessor, the still-operational 
Spitzer Space Telescope, has found signs of 
patchiness in the cloud cover of brown dwarfs, which 
could equate to roiling storm regions that sport 
terribly strong winds, enormous lightning strikes and 
rainfalls not of water, but of molten sand and iron. 
“What we see here is evidence for massive, organised 


Brown dwarfs can be 
anything from 13 to 
around 80 times more 
massive than Jupiter 


An infrared image of the 
Pleiades (‘Seven Sisters’) by 
the Spitzer Space Telescope 
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The making of an epic fail 
What happens when collapsing clouds of 
gas and dust don't make it as stars 













———_————— [§ The stellar nursery 
The life of a brown dwarf starts out 
on the right foot. Just like main- 
sequence stars such as our Sun, 

, these objects originate from the 

o w : collapse of a cloud of gas and dust. 


® The young star 
When a cloud of gas and dust 
Caves in, gravity begins to pile up 
the material tightly to make a very 
young star - known as a protostar - 
at its centre. 


® The cool brown dwarf 

| Since they are not very visible 

to the human eye, telescopes 

need to observe them in infrared 
wavelengths to pick up their heat, 
which is considered to be very low 
compared to their blazingly hot and 
bright stellar cousins. 


Failure to fuse & 
In a main-sequence star, 
gravity pushes so strongly 
inward, that hydrogen fusion is 
kick-started in their core. The 
brown dwarf never reaches 
this stage and, before the 
temperatures get hot enough 
for hydrogen fusion to start, 
the brown dwarf reaches a 
stable state. 





® Colours and flavours 
Belonging to different classes 
means that brown dwarfs contain 
_ different gases and appear in 
differing colours. A T dwarf appears 
as a dark magenta and contains a 
gaseous mixture of methane, water 
and ammonia, while Y dwarfs take 
on a browner shade and are likely to 
contain a good amount of water . 








Brown dwarf types @ 
Just like stars, which are 
categorised by a spectral class, 
brown dwarfs sit in the classes L, 
T and Y. L dwarfs can be as hot as 
1,727°C (3,141°F) and the coolest 
is the rare Y dwarf, which can be 
colder than the human body. Some, 
but not all, hotter M-class stars can 
also be brown dwarfs. 


“Most brown dwarfs could 
also be stormy, further _ 
cementing their similarities 
with Jupiter-like worlds” — 
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Types of 


brown dwarf 


The different classes and 
colours of these cool stars 


T dwarf 

Temperature: 427 to 1,026°C 
(S10) com Rs Ys) 

Colour: dark magenta 
Number found: over 300 
Contain: water, methane and 
ammonia gases 


meee 

Temperature: 1,027 to 1,727°C 
(1,880 to 3,141°F) 

Colour: red-brown 

Number found: over 900 
Contain: clouds of ‘hot dirt’ 
and other condensates 


Y dwarf 

Temperature: less than 327°C 
(CAO) 

(ore) (o) th ema) coniianl 

Number found: less than 15 
Contain: possibly water 


“These out-of-sync light variations provide 
a fingerprint of how a brown dwart's 
weather systems stack up vertically” 


Professor Adam Showman, University of Arizona 


cloud systems, perhaps akin to giant versions of 
the Great Red Spot on Jupiter,” says Professor Adam 
Showman of the University of Arizona. 

By teaming up Spitzer with Hubble, astronomers 
are able to look at brown dwarfs in different 
wavelengths of infrared light, which are able to 
peer down into different layers of a brown dwarf’s 
atmosphere. As the brown dwarf rotates, variations in 
the amount of cloud cover and the size of the storms 
affects the brightness that Hubble and Spitzer space 
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telescopes see. “These out-of-sync light variations 
provide a fingerprint of how a brown dwarf's weather 
systems stack up vertically. The data suggests regions 
on a brown dwarf where the weather is cloudy 
and rich in silicate vapour deep in the atmosphere 
coincide with balmier, drier conditions at higher 
altitudes - and vice versa,” says Showman. 

But where do brown dwarfs get the energy from 
to drive weather and planet-sized storms? On Earth, 
the energy for our weather systems comes from heat 
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The first brown dwarfto be 

verified in 1995 and known + 
as Teide 1, rests in the famous 

open cluster, the Pleiades 


emitted by the Sun. Certainly, some brown dwarfs 
are found orbiting stars, but that does not explain 
where brown dwarfs without stellar companions get 
their heat from. A world like Jupiter, which is far from 
the Sun, still retains some residual heat within its 
core from the days when it was formed, and some of 
the heat of brown dwarfs will come from the same 
source. However, brown dwarfs have an advantage 
over worlds like Jupiter. Although they are lacking 
too much mass to ever have the required pressures 
and temperatures in their cores to instigate nuclear 
fusion of hydrogen into helium, they can for a short 
while ignite nuclear fusion reactions of deuterium. 
The most massive brown dwarfs are also able to fuse 
lithium - lithium does not exist in any significant 
quantities in normal stars, so a search for lithium is 
a good test of whether an object is a brown dwarf 

or not. The smallest brown dwarfs that are less than 
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At a distance of 

6.6 light years 

away, Luhman 

16 is the closest 

brown dwarf ss 
binary to Earth 





13 times the mass of Jupiter are not hot enough in 
their cores for any fusion reactions. Nevertheless, 
those that are able to start the reactions can, for a 
short while, produce heat and energy this way, which 
resides in the star for billions of years after the fusion 
reactions have actually run themselves out. 

Inside a star like the Sun, there are two zones. The 
innermost is the radiative layer around the nuclear 
core, where energy produced by fusion reactions is 
transported through radiation. It is this energy that 
holds the Sun up against the pull of its gravity. Above 
the radiative layer is the convective layer, where 
convection currents transport the energy the rest of 
the way to the Sun's surface. Brown dwarfs, however, 
are suspected to only have convective layers. This 
leads to their interiors being ‘springy’, so they can 
become more compressed with greater mass. This 
results in brown dwarfs that, astonishingly, are not 





much larger than the diameter of Jupiter despite, in 
some cases, some having dozens of times more mass. 
This could result in the surprising scenario where 
a planet orbiting a brown dwarf is actually bigger 
than the brown dwarf! Given that brown dwarfs 
are not proper Stars, it had been uncertain as to 
whether planets could form around them. However, 
the Atacama Large Millimeter/submillimeter Array 
(ALMA), in the Chilean desert, has discovered a disc 
of dust and rubble around a brown dwarf, just like 
the planet-forming dust discs that astronomers find 
around young stars. The disc around the brown 
dwarf, which is known as ISO-Oph 102 and which 
has 60 times the mass of Jupiter, contains millimetre- 
sized dust grains. In the planet-forming discs around 
young stars, these grains gradually begin to stick 
together, growing larger and larger until they build up 
into rocky planets. 
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discovery 


NASA’s WISE telescope is an expert when it 





“We were completely surprised to find millimetre- 
sized grains in this thin little disc,” says Luca Ricci, 
from the California Institute of Technology in 
Pasadena, who headed the team of astronomers that 
used ALMA to find this disc. “Solid grains of that size 
shouldn't be able to form in the cold outer regions of 
a disc around a brown dwarf, but it appears that they 
do. We can't be sure if a whole rocky planet could 
develop there, or already has, but we're seeing the 


first steps.” 

This leaves brown dwarfs facing something of 
an identity crisis. They form in the same way that 
stars do but are not stars, unable to fuse hydrogen 
into helium. They look like planets with weather 
systems but are more massive and do not form like 
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comes to hunting down brown dwarfs 
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2011: The spacecraft confirms the 
existence of a new class of brown . 
dwarf known as the Y dwarf. These 
brown dwarfs can have temperatures 
as cool’as.the human body 3 


2013: The discovery of the closest 
brown dwarfs to Earth is announced. 
They were discovered using WISE 

at a distance of 6.6 light years away, 
and are locked in a binary system 
called Luhman 16 


2014: WISE finds the coldest known 
brown dwarf, which has an ultra- 
cool temperature between -48 and 
-13 degrees Celsius (-54.4 and 8.6 
degrees Fahrenheit) 


2015: NASA’‘s WISE mission has 
(a [KXere)¥/=)n=\6 M0)"/=) PAO OM a) ce) a Rel elas 
to date 


Discovered 

in 2011, WISE 
0458+6434 was 
de(cBalecim@elia-ceese)| 
brown dwarf 
found by NASA's 
space telescope 


“Solid — that size shouldn't form in 
O 


the c 


d outer regions of a disc around 


a brown dwarf, but it appears they do” 


planets, yet they may be able to form proper planets 
orbiting around them. Furthermore, they are likely 
the most common type of object in the universe 

- some scientists even suspect that there could be 
enough unknown brown dwarfs to account for some 
of the missing mass that has been attributed to dark 
matter. Yet despite all of this they will always be seen 


as failures, objects that couldn't make the grade to 
become stars, when really we should see them as 
super-planets that take on some star-like qualities. 
The brown dwarf is truly a unique breed of 
object, capable of taking on the role of both planet 
and star, while possibly revealing more about our 
hidden universe. @ 


© JPL; NASA; University of Arizona 
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at your fingertips 


What if the planets were at the same distance as the Moon? 





would the = 
lanets 
ook like... 


if they were at the same distance 
from Earth as the Moon? And how 
would that affect our planet? 









What if instead of being millions of 
kilometres away, the other seven 
planets were the same distance 
from Earth as the Moon? Of course, 
if the Sun suddenly moved to a 
lunar distance from the Earth, we 
wouldn't be around long enough 
to contemplate it! At best, a night 
sky with one or more planets at the 
Moon's distance would look very 
different. At worst, either the other 
planet or the Earth - or both - would 
be radically changed by its proximity 
to the other. In some cases, we 
wouldn't survive. There are numerous 
1e=(@L KO) RWB ATCO) AY(<16 Mal B) UNOS) B/=@LUN Eel (O) BIBS 
part of the fun of astronomy. 
Mercury, the closest planet to the 
Sun, is also a similar size to our Moon 
with a radius of 2,439.7 kilometres 
(1,516 miles). It has similar surface 
features to the Moon from a distance, 
although if it were close-up we'd be 
able to see that the craters, rays and 
other features are quite different. 
Venus has a radius of 6,051.8 
Kat loyaslajncacm HW Ac Ok. mapbilcc)e-lalem volute! 
look as large to us as the planet Earth 
looked to the Apollo astronauts when 
they were walking on the Moon. 
It reflects six times the amount of 
sunlight that the Moon does and 
would take up about 12 times the 
space in the sky from our perspective. 
So ‘night’, when Venus is on the 
opposite side of the sky from the Sun, 
would be much brighter. 


58 





\V/Coxeya) 

With a radius of 
1,737.4 kilometres 
(1,079.6 miles), our 
Moon takes up about 


as much sky as the 


Sun, which is how 
ita T=\"aer: 0: ] 8) 8\=s-] mace) 
be the same size and 





Mercury 

Mercury is approximately 
4.5 times more massive 
than the Moon. This would 
aoe (o)U|o) m@r-larz\emdn=ma(e(=3 
on Earth. It also has a 
magnetic field that could 


Mars is about twice the size of Pliictam ladakcne) ian 


the Moon with a radius of 3,389.5 
kilometres (2,106 miles), so it would 
look larger than the Sun. Having 
Mars or any other planet larger than 
our Moon for a satellite would have 
an effect on the tides, causing huge 
waves and even tsunamis. Beach- 
going would probably be a thing of 
the past but we'd have more light at 
night, and it would have a creepy red 
jarelm cone 

Jupiter would completely dominate 
our sky. Astronomers measure the 
distances between objects in the sky 
using degrees; our Moon takes up 
about half a degree, but Jupiter would 
take up 20 degrees. We wouldn't 
be able to see Jupiter's poles, but 
we would be treated to a view of its 
distinctive red and white bands and 
the ongoing storms on the planet. 

Saturn has a radius that’s more 
than nine times that of Earth’s and, 
in truth, the Earth would really be a 
satellite of Saturn instead. 

Although not as huge as Jupiter or 
Saturn, Neptune is still 14 times larger 
than the Moon. This big blue planet 
would still dominate the sky at all 
times. There’s a reason why Neptune 
and Uranus are sometimes called 
sister planets: both are icy worlds 
and have a radius of about four times 
that of Earth's, although Uranus has 
a much calmer atmosphere than the 
other, turbulent giant planets. @ 


Venus in its current state 
has a very dense, toxic 
atmosphere, with a surface 
that can't be easily viewed. 
If it were closer, though, the 
Earth's magnetic pull might 
affect that atmosphere, and 
vice versa. 





www.spaceanswers.com 


WET ES 

If Mars were as close as 
our Moon, travelling there 
would be much simpler. 
We could see many of its 
unique features with the 
naked eye, and maybe a 
(oto) Co) AVA (o)0l (el pm ol=Melel me) | 
the question. 


Jupiter 

It's unlikely that we'd 
survive if Jupiter 
became our Moon. It 
would blast us wit 
its deadly radiati 
field and subject 
Earth to incredit 











Saturn 

Saturn's amazing 

rings would stretch 
nearly from horizon to 
horizon, and its banded 
atmosphere is calm ir 
comparison to some 
the other planets. 
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Uranus 

One of Uranus’s unique 
features as a Moon would 
be the fact that it rotates 

| on its ‘side’, more like a 
ball rolling around instead 
(o) i: ke) OM) lal at es 


Neptune has a very 
active atmosphere with 
lots of storms and other 
meteorological activity 
VU alrelam cele] (ems) ge)U(e (ome 
with compelling sights 
from Earth. 


What if the planets were at the same distance as the Moon? 





Pluto 

Pluto's a dwarf planet 
with a diameter of 
2,368km (1,471mi) 

Se ce)0lacemayenitalines 
the size of our Moon 
and less than half our 
Moon's gravity. 





Interview Scott Parazynski 


The most 
dangerous 
Spacewalk 


We caught up with NASA astronaut and physician 
Scott Parazynski, the only person in the world to 
both go into space and conquer Mount Everest 


Interviewed by Gemma Lavender 








Scott Parazynski 

Dr Scott Parazynski is a 
former NASA astronaut and 
physician. He is a veteran of 
five Space Shuttle flights, 
seven spacewalks and is the 
only person to have both 
flown in space and summited 
Mount Everest, the highest 
mountain on Earth. In 

total, he has clocked 1,38] 
hours (over eight weeks) in 
space and is the recipient of 
many awards and honours, 
including NASA Exceptional 
Service Medals. 
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You flew on five Space Shuttle missions. What 
were they like? 
Each mission is dramatically different. My first mission 
was focused primarily on Earth's atmosphere and 
looking at ozone distribution, so the ozone hole over 
Antarctica, for example, and the chemical species that 
contribute to the destruction of the ozone layer. So we 
had anumber of very different, sensitive instruments 
and a satellite on-board to study ozone balance. 

Then on my second flight we went up to the Mir 
Space station where I conducted and led the first 
joint US-Russian spacewalk, which was an incredible 
experience, and on that flight I was the flight engineer 
for the mission. Following that I flew with my boyhood 
hero, Senator John Glenn, who was the first American to 
orbit the Earth. He returned to space at age 77, and so I 
was aboard not just as the flight engineer and to fly the 
robotic arm, but also to take care of Senator Glenn and 
help him conduct his medical research on-board that 


mission. So that was an incredible thrill to be part of that. 


Then my final two missions were to the International 
Space Station, to first build the Canadarm2, which was 
Canada’s major contribution to the space station, and 
that of course is the basic platform that the entire space 
station has been built with. Finally, on my last mission, 
STS-120, we installed the Harmony interconnecting 
module to the space station and relocated the large 
solar array truss out to the edge of the space station. 

So I've done all sorts of different things in my career, 
from spacewalking to robotics, to medical care and 
scientific experiments and serving as a flight engineer 
for the Shuttle. Everybody [on these missions] is sort of 
expected to wear lots of different hats. 


Did each of the Space Shuttles that you flew on 
feel different during launch? 

That's an interesting question. Each of them had very 
subtle differences in terms of their capabilities. They 


Scott has i... spacewalks 
Hisname, including one 
considered extremely risky 





were all more or less the same space vehicle but as we 
built more and more of them and flew all five of the 
Space Shuttles, there were slight enhancements to them. 
They all worked generally the same, they were typically 
outfitted quite differently in the payload bay because 
that's where we would fly different experiments and 
different modules to the space station, but inside the 
flight deck and mid-deck of the shuttle bay, they all 

look more or less the same. The launch experience was 
slightly different on all five of my launches, but I think 
that had mostly to do with the solid rocket motors - there 
were subtle differences in the way they were packed 

and I recall one of my launches being quite a bit more 
noticeable in terms of the vibration. Other than that, they 
more or less flew the same. 


You attended medical school, what made you 
decide that you wanted to become an astronaut? 
I always had an ambition to help people, and I was 
always interested in science and biology, but when I 

Was young my father worked for the Boeing aeroplane 
company when we were first sending astronauts into 
space in the late-Sixties/early-Seventies, so I always had 
ambitions to one day fly in space myself. Back in the late- 
Seventies they had selected the very first class of Shuttle 
astronauts and among those were several physicians, 

so I realised at that point that there was a very clear 
pathway for me to couple both of my loves - which were 
the exploration of space and health care. So I began my 
medical studies, and worked at NASA Ames Research 
Center in California doing space physiology research. I 
was very fortunate to follow through on my boyhood 
dreams and get a chance to be a physician astronaut. 


How does space affect the human body? 

The experience of human spaceflight is a really 
interesting challenge to the human body and, in fact, 
there are many physiologic adaptations that occur going 
from Earth's gravity to zero gravity and back to Earth. 

In fact it’s a great laboratory to study the ageing process 
as well. Let me explain: when you go into space your 
muscles and bones no longer need to carry your body 
weight, and to move around you push off with your 
fingertips and fly around like Buzz Lightyear everywhere 
that you want to go. That's a lot of fun, but unfortunately 
your muscles and bones atrophy very quickly, even on 

a short three or four-day Shuttle flight. In the early era of 
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Interview Scott Parazynski 


the Shuttle programme, [NASA] were noticing significant 
bone losses in those astronauts, so over the years, we've 
developed countermeasures with exercise to keep the 
muscles and bones healthy during the flight. But even 
the heart muscles have atrophies - up in space, the heart 
no longer needs to pump against the gradient of gravity, 
so you need to have cardiovascular exercises as well 
while you are in space. Finally, your balance system no 
longer has gravity tugging on the little otolith cells in 
your inner ear, so you have to very quickly learn how to 
use your eyes as your primary reference for which way is 
up and down. For the first few days in space people can 
have motion sickness as they get used to floating around. 
So more or less, the transition from Earth's gravity to 
space is fairly easy on the body and most people are able 
to readily get to work, but the big challenge is coming 
from space back to Earth - you all of a sudden have to lift 
your own body weight. Typically youre wearing a big 
bulky spacesuit with parachutes and oxygen cylinders 
strapped to your back, so you feel very heavy. It is a really 
unusual sensation after having been in space for a couple 
of weeks or more, and I always likened it to feeling like 
a 100-year-old man riding home on the Shuttle with the 


Parazynski ant: 2, mission specialist — | 
Doug Wheel6ckifloat near iipgaley of the ‘ | 


snni(elelaal qe) Pee 2 Shuttle Discovery while 
docked with t Hl mational Space Station 





Parazynski believes 
training for Mars missions 
(like the Mars Desert 
Research Station shown — 
here) is vital 





pressures of the spacesuit tugging me down into my 
seat. When you first get unstrapped and stand up, your 
balance system is very jostled, but thankfully in a day or 
SO, most people have their full balance back and are able 
to return to their normal duties. 

Now we're flying astronauts and cosmonauts to stay 
in space for up to a year and we have a couple of crew 
members up on the International Space Station who are 
actually going to be away from home for 341 days, so 
almost a year. It is going to be much more difficult for 
them to regain their balance as well as their muscular, 
skeletal and cardiovascular system. They will be in 
physical rehabilitation for a period of time, working with 
strength trainers to get them back to everyday life. Of 
course, they'll have the benefit of exercising on a daily 
basis when they are up in space - it’s a very important 
part of the job when you are up on the International 
Space Station. Probably a couple of hours a day are 
dedicated to physical exercise. 


You have been on seven spacewalks during your 
career. What is it like to go on a spacewalk? 

Well, first to correct the terminology - it's perfectly 
appropriate to call it spacewalking, we all do, but when 
we are in Earth orbit, outside on a ‘spacewalk’, we're 
actually crawling hand-over-hand using handrails on 
the outside of the Space Shuttle, space station or the 
Hubble Space Telescope or whatever we happen to 

be working on. We're actually not truly walking, but 

it is an incredible human experience. I think it is the 
greatest job in the universe to be outside in your own 
personal ‘spaceship’ with just a thin visor between you 
and the enormity of the universe. You have to have 

on your back - or surrounding your body - everything 
that a Space Shuttle has in terms of systems to sustain 
you there. You need oxygen delivery, carbon dioxide 
removal and temperature control and protection from 
the vacuum of space. You need radios, TV cameras, 
battery power, cooling and lighting, you need a 


computer to see what is going on with your spacesuit 
and tools on the front of your suit. So you are physically 
in your own personal spaceship. There's even a little 

jet backpack on your back that will enable you to fly 
yourself to safety if you were to float free from the space 
Station. So I really think it is a dream to get a chance to 
go outside on a spacewalk. 


Can you see the stars when you are spacewalking? 
Indeed you can see the stars, very clearly, when you 

are outside on a spacewalk. The human eye works very 
similar to a camera in the way the Fstop of a camera is 
adjusted. So in bright sunlight, your pupil closes down 
very tightly and you can only see the brightest things in 
the field of view - for example, the Sun, the Earth or the 
Moon. But if you look into the deep darkness of space, 
your eyes will accommodate the darkness, your pupil 
will get bigger and you can see the trillions and trillions 
of stars out there very clearly. Probably the coolest thing 
I've seen out on a spacewalk is actually flying through 
an aurora, the southern lights, which are very pale 
multicoloured lights that extend from the poles up into 
space. It's just spectacular. 


One of your spacewalks, to fix a solar array on the 
ISS, is considered the most dangerous spacewalk 
ever undertaken. Why was it so risky? 
The danger on the solar array repair was down to the 
fact that we can't ever turn off a solar panel, when it's 
extended as it was. It's always collecting energy, even 
in the darkness in the Earth's shadow and itis still 
generating current, so it was a fully energised solar panel 
that I had to do some very close-up, detailed work on. 
The concern was if there was any metal contact 
between my spacesuit and the solar panel it could ignite 
the 100 per cent oxygen within my spacesuit, so I had to 
be very careful when getting close to the panel. All the 
tools I was using were electrically insulated to try and 
protect me and hopefully to prevent any arcing between 


“The concern was if there was an 
metal contact it could ignite the [OO 
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per cent oxygen within my spacesuit” 
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The most dangerous spacewalk 


the panel and myself. So that was the big concern - that Parazynski is proud to have 
either fire or combustion could take place when working ——— contributed to the International 
in close proximity to the solar panel. But thankfully ise [ia fae itt Space Station (ISS) 
a wonderful plan had been developed by engineers fi 
and technicians at Mission Control in Houston, which 
allowed me to ride on this cobbled-together robotic arm 
system that had been invented on the fly by robotic 
experts. I was able to pull out this frayed guide wire that 
had ripped apart the solar panel, and then I had to install 
five sutures across the damaged site before these had to 
be fabricated up on-board the International Space Station 
using supplies we had on hand. It wasn't like we could go 
to the local hardware store and get a solar array repair kit! 
We had to repair it with things we had on-board, so it was 
sort of an Apollo 13 moment - fashioning that repair with 
just the gear we had on-board the station. 


You helped build the ISS, how does it feel to have 
worked on such a big space project? 

It is an incredible feeling to have contributed to an 
amazing international partnership that could eventually 
lead to some remarkable discoveries that could benefit 
all our lives on planet Earth in the future. In addition I 
think it is a stepping stone for future exploration. One 
day, human crews will land and explore and even 
permanently live on Mars and perhaps places beyond, so 
each successive programme has been a stepping stone 
for bigger and even greater accomplishments. My role at 
NASA over 16 years is something that Iam very proud 
of and I know that others will use the lessons learned 
from our work to do even more exciting things to get us 
ultimately to Mars - the ultimate human destiny. 


You've climbed Mount Everest and been into 
space. Which was more difficult? 

Physically, even mentally, the hardest thing I've 

ever done is summiting Mount Everest. There's a lot 

of technical preparation - certainly for both - and 
there's a lot of contingency planning. The approach 

to risk management is very similar between the two 
environments, but certainly the physical workload of 
getting to the top and then of course making it a round 


trip from the summit of Mount Everest is extremely % a ‘0 sto With his STS-12 


me eelatel ; 


difficult. But they are both incredibly enjoyable re | 
crew of Expedition 


environments and I wish I could go back! @ 





© NASA; Mars Society PR; Arizona State University PR 
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IN REDIBLE 
A PROJECTS 


These ideas may sound wacky, but NASA believes they 
could pave the way to the future of space exploration 


Written by Paul F Cockburn 
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20 incredible NASA projects 


Triton Hopper 


i Name: Exploring Neptune's Captured Kuiper Belt Object 
= Type: Exploration 


7 ee 


spin - many astronomers believe 
that Triton actually originated in the 
vast Kuiper belt of objects far beyond 
the orbit of Neptune, making it of 
particular interest to scientists. 
Thanks to Triton's low gravity 
(equivalent to just eight per cent of 


ole (=1m ele) am | 
Power for the probe's 
systems will come 
from an isotope heat 
source: this will also 
be used to trigger the 
rocket, fuelled from 
local resources. 


7 Earth’s) and its variety of terrains, 


NASA's COMPASS (Collaborative 
Modeling for Parametric Assessment 
of Space Systems) engineering team 
|nFeTs¥y 0) K0) be \s\c16 Wr- Ip 8) 0) (=e KOM =>-¢0) Oem Hale 
moon with a rocket-powered ‘hopper’ 
capable of cost-effectively surveying 
multiple locations, as well as sampling 
the planet's tenuous nitrogen 
atmosphere en route. 


To ensure a ‘robust’ (ie suitably 

Io) nt29 Wy oy = (oXe Ke) =p-¢0) (0) e-10 (0) 0 YONA c) 8 
the COMPASS team accepts that such 
a vehicle wouldn't be able to rely on 
battery power or - at such a distance 

- sunlight; it will need to refuel using 
only resources that are available to it 
on or around Triton. Hence the team’s 
proposal of using a radioisotope 
thermal rocket engine to power 


® Bouncing ball 
Triton having just 8% of 
Earth's gravity will enable 
the probe to traverse 
the moon by ‘bouncing’ 
li xe)nn me) a(=M (eler-\e(e)amcom val=) 
next - with rate of descent 
controlled by the rocket. 


the craft, which must be capable 
of refuelling using raw materials 
collected from Triton’s frozen surface 
and thin atmosphere. 

Phase I support from NIAC 
will enable the COMPASS team to 
further develop the concept and 
also demonstrate the validity of 
radioisotope thermal propulsion and 
in-situ refuelling. 


Triton @ 
With exploration missions 
becoming increasingly 
expensive, vehicles capable 
of acquiring data from 
nalUlia| 8) (=m (oler-) de) a\-wer-]aleme)y=1 5 
long periods of time, are 
increasingly attractive. 


Atmospheric sampling @ 


Ice collected on or below 
the surface, or from the 
atmosphere using cryogenic 
pumping, could provide 

further fuel for the isotope- | 
powered rocket. 


2005 
Lunar Space Elevator: 
Jerome Pearson 

| completes study on 
technical feasibility. 


(NIAC) is created, 
operated by the 
Universities Space 
Research Association. 


1998 
The road to our ve: ck et, 


space future 
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20 incredible NASA projects 


Ultra-light 
space optics 








Nis 





Constructing large space optics shaped 7 -, +m 
scrubber accurately down to the scale of 1,000th * = 
the width of ahuman hairisanenormous 






Space stations, like submarines, 
currently clean air by forcing it 
through a complex series of ducts 
and beds; recent developments in 









fluid mechanics makes it possible 
to directly remove excess CO2 and 
contaminants using ‘thirsty walls’, 
significantly reducing moving parts. 





Europa 


Significant challenges face anyone 
wishing to remotely explore the 
lakes and oceans that are thought 
to exist under the frozen surfaces of 
some of the moons orbiting Jupiter 
and Saturn - not least ensuring that 
there's enough power available to 
keep any probe’s systems running for 
a sufficiently long-duration mission. 
Utilising solar power is, at best, 
limited when you travel out as far 
as the gas giants, and a complete 
non-starter once you delve beneath 
the likes of Europa’'s surface. As for 
nuclear power, there are perfectly 
understandable fears back on Earth 
concerning the very real risks of 
launching anything into space that 
includes a lot of radioactive material. 
“There are probably ways to 
make existing technology solve the 
problems of exploring Europa, but 


additive manufacturing and capillary 


Squid 


Soft-Robotic Rover with 
Electrodynamic Power Scavenging 
Exploration 
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existing technology can be expensive 
and may not perform very well,” says 
Dr Mason Peck, associate professor at 
Cornell University. He has successfully 
proposed a radical alternative; a ‘soft 
robotic’ rover resembling a squid, 
with tentacle-like structures that will 
harvest electrical energy from locally 
changing magnetic fields. Not only 
that, but this rover will also employ 
bio-inspired propulsion%to move 
around. “The motion of this rover 
is inspired by nature,by creatures 
like squids, eels and jellyfish — all of 
which benefit from a highly efficient 
motion through the water,” he says. 
“In a nutshell, the idea is that 
the rover will ingest water from the 
ocean; and we use electrical power 
to split that water into its oxygen 
and hydrogen constituent molecules. 
When the rover needs to move, a 
——— io Se 
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NASA Innovative 





2009 





challenge. ‘Photonic Muscle’ technology 
would enable every molecule of a polymer 
to control the shape of a super-thin 
inexpensive large curved mirror. 


Little Big Bangs 
oy al axe) |(=lem=>.40)(es1 (0) Me) 
electrolysed hydrogen and 
oxygen are used to alter the 
’ rover's body shape in order 
\ to enable the probe to move 
through the water. 


spark ignites that x 
explosive gas; the 
gas swells up part of 
the body of this ‘squid’, 
and thereby changes its 
shape - and when a shape 
changes, a body moves in 
the water. That’s the kind of 
swimming motion we're seeking.” 
There's one immediate advantage. 
“On Europa, we'd be able to use 
energy from the magnetic field 
of Jupiter, and water from the 
environment. Therefore we wouldn't 
actually have to take that much 
hardware or combustible materials 
with us to Jupiter.” 





US National Research 


Council review 


recommends continued 
need for a NIAC-like 


programme. 





2011 


NIAC is relaunched 
after its original closure. 














Magnetic per 
Filaments enable 
robotic rover to ' 
sufficient electric 
from the constar 
magnetic fields e 
while Europa orb 
the gas giant Jup 
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Splitting water 
Automatic electrolysis splits 
Europa’'s water into its 
constituent hydrogen and 
oxygen gases, which are 
stored for later use in the 
Ie)(=) mom 8) 0) 8) 0) 10) a 





2012 


Fusion Driven Rocket: the 
examination of far more 


efficient use of nuclear 
fusion in space propulsion 
receives Phase II funding. 
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i rT 
shielding 
Cryogenic Selective Surfaces aims 
to model materials that reflect solar 
radiation, reducing temperatures 
without a need for active cooling 
- enabling long-term cryogenic 
storage with great potential for 
applications such as galactic cosmic 


radiation shielding and large-scale 
energy storage. 


Glowing skin 

One option the team are 
considering is having the skin 
(o) im d= KO)’(=) maar \e(=Rel0i me) mr 
stretchable, electroluminescent 
display for illuminating the 

KoYers] Mantels ia(=M=)aNdine)alan(=)aimmmne) 
facilitate underwater imaging. 


Drinking water 
Sufficient ocean water is 


| : sampled through these 


a input ports as an in-situ 
source of the required 
hydrogen and oxygen. 
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INTERVIEW 


Dr Mason Peck 


Associate professor, Mechanical 
and Aerospace Engineering 


Cornell University 


As the former NASA chief technologist from 
2001 to 2013, Dr Peck was the agency's 

primary advisor for its technology strategy and 
investments. Among his specialities is an expert 
knowledge of next-generation mission design. 


Why do you think that NASA is interested 

in soft-robotics? 

To explore Europa, they're looking for a means of 
creating very low-power robotic motion - simply 
because power will be in short supply. There may 
be other ways of making a low-power rover work 
well, but the bio-inspired approach hasn't been 
investigated for this application yet, and that’s 
one reason why NASA is interested in pursuing 
this, at the exploratory stage at least, because 
they're open to new ideas. 





So what happens next? 

Over the next nine rnonths, roughly, we will 
create computer models and then build a 
prototype - sounds exotic, but we'll be using 
silicone rubber and will probably be able to use 
off-the-shelf electrical components to produce 
the explosive internal motions. If we can show 
that this is a feasible, viable solution that collects 
enough power, then NASA may be able to fund a 
follow-on phase where we! mature the technology 
a lot more deeply, up to the point where it can be 
considered seriously for a mission. 





sion am technology 
4, specialist, Dr Peck 


Two probes were sent 
| into Earth's Van Allen 
_ radiation belts to monitor 
| this region of space. 
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in space 


Namie: In-Space Manufacture of 
Storable Propellants 

‘Type: Resources 

Target: Solar System 


Deep Solar System missions, especially those 
designed to return material and/or crews back to ~ 
near-Earth space, are currently severely restricted by 
their need to carry all their fuel and heat shielding 
with them - the big problem being that it ironically 
takes a lot of fuel to get the required propellant off 
the ground in the first place. Surely it makes more 
sense to source fuel that’s already in space? 

“Delivering propellants to high-Earth orbit from 
the ground now costs $20 to $30 million [about 
£13 to £19 million] per ton,” says Daniel Faber, CEO 
of California-based Deep Space Industries (DSI). 
“Asteroid-derived fuel, delivered to high-Earth orbit, 
may cost as little as one tenth of current prices, 
making long-term space missions more practical and 
affordable.” The project, led by DSI chief scientist 
John Lewis, has been awarded a. NIAC grant to fund 
research into fuels that can be made from asteroid 
material, and carried on long expeditions without 
requiring refrigeration or shielding - So that it only 
explodes when wanted! 

Carbonaceous chondrite asteroids are known to 
contain 10 to 30 per cent water and other volatiles 
- elements and compounds such as nitrogen, 
water and carbon dioxide, which have low boiling 
points and so evaporate from.a body's crust and/or 
atmosphere easily. Dormant comets may contain up 
to 75 per cent volatiles. 

The NIAC grant will allow the team to look into 
creating room-temperature fuels, like*methane (by 
combining the hydrogen from water with the carbon 
available on many asteroids), that will.not boil off 
during deep-space missions that may take months or 
years to complete. 


2012 

SpiderFab proposal for 
| in-orbit construction 

of physically large 


Phase | funding (Phase II 
| funding awarded 2013). 





Harvester 


Purpose: Harvesting asteroids 


Harvesters will initially separate out metallic 
elements and regolith (soil) from the asteroids and 
return this material for fuller processing in high- 


_ Earth orbit’- primarily extracting minerals and water. 


One reason for doing this, rather than bringing back 
whole asteroids, is planetary safety; it will ensure 
that in the event of any ‘directional errors’, any lost 
regolith will simply burn up naturally in Earth's 
atmosphere, just like meteors. 































2014 

WRANGLER: Capture 
and De-Spin of Asteroids 
and Space Debris is one 
of 12 proposals awarded 
funding. 








2015 
Soft-Robotic Rover with 
Electrodynamic Power 


Scavenging (squid rover) 
is funded. 
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20 incredible NASA projects 








WindBots 


_ Asteroid prospecting 
These autonomous robot explorers, 
. These tiny Firefly-class craft (each about being developed under Adrian Stoica 
30cm/11.8in Keates and 15cm/5.9in wide) are intended ! at NASA's Jet Propulsion Laboratory 
to investigate near-Earth asteroids (NEAs), using (JPL), would operate within the 
a >, spectral shanketeanetsd and_ other non-intrusive methods. atmospheres eyi Jupiter or Saturn 
This will enable Earth-based scientists to confirm - remaining in-situ by harvesting 
. the size, shape, spin and composition of NEAs and energy locally from the planets’ strong 
nee _ . in turn help determine the most appropriate targets winds and magnetic fields. 
— ba for DSI's first harvesting missions. 





DSI-wheel-slider 


Asteroid processing 


After the Harvesters have unloaded their cargo, 
orbital processing systems will begin the detailed 
operation of separating out the most useful 
elements: initially, these are likely to be water, 
organic compounds of hydrogen and carbon, and 
oxygen - all of which can be utilised for propulsion 
and/or life support in space - without the costly 
need to bring them up from Earth. 


2015 
V2Suit for space 
habitation and 


exploration is tested by 
NASA in microgravity 
environment. 
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CubeSat 
planetary 
explorer 


Name: CubeSat with Nanostructured Sensing 


Instrumentation for Planetary Exploration 
T'ype: Exploration ‘Target: Solar System 


The last 15 years have seen the Key to this project are cheap, 
development of CubeSats - low- lightweight, compact, disposable 
cost, ten-centimetre (3.9-inch) sensors that can accurately detect 74 
cubed miniature satellites built trace elements in the range of parts 
from commercial off-the-shelf per billion. 

components. This NIAC proposal by The instrument is low cost, low 
Dr Joseph Wang, associate professor power, low mass, compact, and 

of astronautics at the University of disposable - making it a perfect match 
Southern California, will investigate with the CubeSat ethos. The NIAC 
the potential of CubeSats to provide funding enables the project to focus 
low-cost, in-situ analysis of the surface on the feasibility of a CubeSat-based 
composition of asteroids and comets. mission to small asteroids or comets. 













These mini 
satellites are 
cheap and easily 
manufactured 


2016 2017 

OSIRIS-REx launch an ESA and JAXA will 
unmanned mission to - launch the BepiColumbo 
study and return samples Satellites to perform a 


from asteroid 101955 | study of Mercury. 
Bennu by 2023. 7 
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Seismic Exploration of Small Bodies 


Resources 
PNSirel eels 


Jeffrey Plescia of Johns Hopkins 
University, has a different proposal 
for using CubeSats to examine the 
interior structure of asteroids and 
comets. The proposed project will 
combine micro-seismometers with 
CubeSats to create impactors capable 
of investigating the interiors of 
asteroids and comets. 

The scheme involves the placing of 
one or more micro-seismometers onto 
the surface of the target small body 
and then utilising the oldest scientific 
technique in the book - hitting the 
asteroid or comet with something! 

However, because the impact will 
produce a known signal, the resulting 
seismic data can then be interpreted 
using the same techniques as seismic 
surveys on Earth, providing data on 


Core 


An iron-nickel core is evidence 


of a previously molten state, 
Tam alroae cekece-laemonl=i-) 
separated; the denser metal 
sinking to the centre. 


2018 


ExoMars rover (joint 


ESA/Roscosmos mission 
searching for signs of 
Martian life) launches. 














































the seismic velocity - and the interior 
structures - of the target space body: 


According to Plescia, this kind==._ 


of seismic survey technique could 
show whether asteroids are just 
piles of rubble or have solid interiors 
with fragmented surface layers, 
whether comets are homogenous — 
ids) ceercdn(olelmme)m@o)ale-l00m- Ws Kelel q1aee) (=n 
“This implementation represents 
a novel approach to understanding 
a key science question for small 
bodies - their interior structure - 
using a new kind of instrumentation 
in the context of a single or multiple 
small-scale spacecraft,” says Plescia. 
“This would present a low-risk, high- 
return opportunity to understand 
a key question related to science, 
exploration and Earth-hazards.” 





Mantle 


The mantle is likely to consist of 
silicate minerals such as olivine, 
which contains magnesium, iron, 
oxygen and silicon, with trace 
amounts of other elements. 


2018 


irr egulz arly s ee iecch ~ 


Brave new 
3D world 


3D printing is all the rage on Earth, but 
could be invaluable off-world, enabling 
space travellers and settlers to print 
anything from task-specific tools and 
composite building materials to food and 
human tissues - with a system utilising 
any in-situ resources. 


a 
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a few, like Ceres, are 
nearly spherical. They 
are invariably pitted or 
cratered, with a thin 
covering of dust. 


Protoplanet Vesta appears to have 

a crust of solidified basal tc lava.” 

thought to have frozen after ooz g 
out of the asteroid’s interioi en ' 


formed to Nn years age 
Inside a giant space |! 


Launch of the James 
Webb Space Telescope, 
the successor to Hubble. 
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Interstellar mini 
explorers 


DEEP IN Directed Energy Propulsion for Interstellar Exploration 


Exploration 
Deep Space 

It has taken the best part of 40 years 
for Voyager 1 to reach the edge of 
our Solar System. Professor Philip 
Lubin of the University of California 
has gained NIAC support to further 
investigate a potential system that will 
up humanity's game when it comes to 
the next generation of interplanetary 
and interstellar exploration. 

Lubin's approach is to look at pairing 
directed energy propulsion with wafer- 
























Light propulsion @ 

These probes canbe __ 
pushed deep into space 
using photon pressure from 
laser light. In theory this 
technique could accelerate 

low-mass probes to . 

relativistic speeds. 


* Compact ®@ 


Given the scale of the wafer 
probe units, hundreds could 
be released from a relatively 
small vehicle parked in orbit. 


2020 
Robotic capture and 

retrieval of a selected 
asteroid, brought into 
lunar orbit. 
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thin spacecraft, creating tiny probes 
propelled by phased arrays of lasers. 
These wafer satellites could be boosted 
to extremely high speeds and become 
humanity’s first interstellar probes. 
“One of NASA‘s goals is to explore 
other planetary systems by remote 
sensing, sending probes and 
eventually life to explore,” he says. 
“A step in this direction is to send 
small probes that will supplement the 


2021 
NASA‘s Exploration 
Mission 2 (EM-2): The first 
crewed Orion spacecraft 
mission will retrieve 
Samples from a previously 
captured asteroid. 


current long-range remote sensing 
done by orbital telescopes." 

The project relies on research done 
on a proposed planetary defence 
system called DE-STAR, which would 
use a modular phased array of lasers to 
target and vaporise objects threatening 
the Earth. The project aims to prove 
that this asteroid defence technology 
can be adapted for interplanetary and 
interstellar exploration. 


Mother ship @ 
~The direction and 
function of the probes 
can be supervised and 
controlled centrally. 


—— 



















At the poles, crater walls and other 
features ensure that some parts of the 
Moon are in permanent shadow 





Cricket 
rovers 


CRICKET 
(Cryogenic Reservoir 
Inventory by Cost- 
Effective Kinetically 
Enhanced Technology) 

Resources 

The Moon 


Many people still think of the Moon 
as a dusty, dry wasteland, but Jeffrey 
Plescia and Larry Paxton of Johns 
Hopkins University plan to explore the 
permanently shadowed regions (PSR) 
on the Moon to find and extract the ice 
and other volatiles believed to be there. 
CRICKET would employ a small herd 
of robots, or ‘crickets’, to hop, crawl 
and roll while exploring the shadows; 
a carrier hive to collect data, provide 
power and disperse the crickets; and 
an orbiting ‘queen’ to deliver the robots 
and provide communication. “Each 
element is a reasonable extrapolation 
of existing CubeSat and/or 
commercial technology,” Plescia 
says. “Each cricket carries a 
tiny SWIR and far-UV MEMS 
spectrograph, Xenon lamp, 
heating element ‘proboscis’ and 
‘whiskers’ for characterising 
the volatiles. We use multiple 
crickets to achieve a high- 
resolution map and to mitigate 
risk of failure.” 


2024 
Launch of ESA’s PLATO 
(Planetary Transits and 
Oscillations of stars) space 
observatory, looking for 
rocky extrasolar planets. 
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APIS (Asteroid Provided In-Situ Supplies): 
1IOOMT of Water from a Single Falcon 9 
INese)bitees 
INSSICO(Els 


APIS has been proposed by Dr 
Joel Sercel, former director of 


After the asteroid has been 
‘bagged’, direct solar-thermal 


Pulsars might soon become a key 
component in an interplanetary 
navigation system 


17 
Interplanetary 
GPS 


Name: A Tall Ship and a 
star to Steer Her By 
T'ype: Exploration 
‘Target: Deep Space 


As Douglas Adams once pointed 
out, “space is big. Really big”. And 
potentially easy to get lost in. 
This poetically titled project was 
proposed by the Massachusetts 
Institute of Technology's Michael 


Caltech’s Laboratory for Spacecraft 
and Mission Design and founder 
of California-based ICS Associates 
Inc, as a way to solve the problem 
of finding useable water in space. 
He believes that the system could 
harvest and return up to 100 tons 
of water from a near-Earth asteroid 
using a single Falcon 9 v1.1 launch. 
APIS is based on a new process 
called ‘optical mining’, in which 


highly concentrated sunlight is used 
“to drill holes, excavate, disrupt, and 
shape an asteroid” while it’s enclosed 


in what's essentially a giant bag, 
made of heat-containing material. 


2024 


The end of extended agreements 


energy is used to extract the water 
it contains into the enclosing bag 
from which it’s pumped out into a 
separate container and stored as 
solid ice. 

After several months of 
collection, Sercel believes that up 
to 120 megatons of water could 
be stored in this way, although 
a small proportion would be 
then used to propel the APIS 
system back to the vicinity of 
the Moon's orbit where the 
ice can be used to support a 
more affordable programme 
(o)im slebant-bem=o-¢0)(e)e-18(0)a8 


relating to use of the International Space 
Station (ISS). The ISS itself is likely to be 


decommissioned and de-orbited at a 


later point, replaced by commercial and/ 


or government-owned platforms. 


Hecht, and essentially aims to use 
radio observations of various cosmic 
phenomena - quasars, pulsars and 
masers - aS navigational beacons for 


i | 

Suits you! 
The Variable Vector Countermeasure 
Suit (V2Suit) is a spacesuit specially 
designed to help keep astronauts 
healthy on long-term space 
exploration missions and help 
stabilise them as they live and work 
in microgravity - using flywheels 
to replicate the sensation of gravity 
during movements in zero-g. 


2027 

Mars One (unrealistically) 
expects to land the first 
human settlers on the 
Red Planet. 


deep-space missions. If it 
works, it could become the 
interplanetary equivalent 
of GPS for spacecraft 
travelling between planets 
and even beyond the Solar 
System. At this stage, 
NIAC will help fund a 
preliminary catalogue of 
reference maser SOUICcesS, 

a system analysis, and 
conceptual design of a 
demonstration mission. 


2030 

Both Russian and Chinese 
Space agencies aim to 
put humans on the Moon 
again by this date. 
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Jason Derleth 


NIAC programme executive 
NASA 


Senior technology analyst Jason Derleth is an 
aerospace engineer with NASA's Innovative 
Advanced Concepts (NIAC) programme. He has 
helped NASA refocus some of its technology 
towards returning to the Moon and he is also a 
budding author in his free time. 





What is the purpose of NIAC? 

Ideally, NIAC studies have an impact on the 
research community and potentially the wider 
aerospace community. A good past example of 
what we hope for is the study on space elevators 
from the late-Nineties. After the NIAC study, 
they became a potential future launch system in 
Deformable mirrors are already in use at which other organisations have invested money. 
the European Southern Observatory’'s Very 
Large TeleScope in northern Chile, but they 
could be pen neanly, bigger and better 


Deformable — 
mirrors 


A Precise Extremely Large Reflective Telescope Using 
Re-configurable Elements (APERTURE) 

Observation 

Deep Space 


Melville Ulmer at Northwestern 
University is partnering with 
researchers at the University of Illinois 
(UIUC) to investigate the feasibility of 
creating optical telescope mirrors that 
can be shaped using a magnetic field. 
Northwestern University will work 

on the materials and the magnetic 
shaping process, while UIUC will focus 
on coupling the deployment design to 
a flying magnetic write head (which 


Is it difficult to make the selections? 

Selecting the best of the best is always tough, 
but NIAC has two unique problems: first, we 

are open to any kind of technology, so we have 
to understand enough about what the proposal 
is saying to be able to compare, say, a new 
in-space rocket engine to a new way of detecting 
background radiation. Second, we try to be on 
the edge of science fiction without putting our 
toes over the line. Part of the reason why we're 
okay with the risk is that we expect some of 

our ideas to provide substantial improvements: 
higher performance, lower cost, lower mass, lower 
complexity, better science. 








will shape the mirror) design. Much of 
this NIAC-funded research will explore 
ways of ensuring the mirror’s shape 

is precisely correctable and can be 
maintained for long periods, ensuring a 
minimal need for regular maintenance. 


2030s 
NASA‘s manned Mars 
mission is scheduled to 


land on the Red Planet in 
this decade. 
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cs 


NIAC's Jason 
Derleth toes the line 
between science 
and science fiction 





Lunnyj Poligon - a Russian 
robotic lunar base - is 
scheduled for completion 


by this date. 


© NASA; Adrian Mann; ESO; Tobias Roetsch; DSI PR 





How does our galaxy measure up? 





galz 





How does our | 
measure up? 





? All About hace compares the Milky Way to other famous eallasiurl sights 


If you've ever been fortunate enough to see the 
full glory of the Milky Way in the night.sky, you 
will know that it appears as a vast band of stars” 
and dust, as we look towards our galaxy’s central 
supermassive black hole. ; 
Don't be fooled, though; what we can see is just 
an estimated 0.000003 per cent of the stars in 
the Milky Way. Our galaxy is far too big to feasibly 
comprehend, measuring about 100,000 light years 
across with a total of about 200 to 400 billion stars, 
many of which host their own planetary systems. 
But inthe grand scheme of things, our Milky Way 
is pretty average. It's roughly at the halfway point 
for galaxies in terms of size, while about two thirds 
of the hundred billion or so galaxies in the universe 
also have the same structure - a spiral. 


First, let's take a look to the lower end of the scale. 


The smallest galaxies we know of in the universe 
are so-called ultra-compact dwarf galaxies (UCDs). 
These extremely small clumps, stripped of their 
star-forming gas, contain ‘only’ .about 100 million 
stars and are in the region of 200 light years across. 
The smallest and least massive galaxy that we know 
of - that also contains a central black hole - is M60- 


74 


Written by Jonathan O'Callaghan . 


UCDI, 54 million light years from Earth. It measures 


_ about 160 light years across and contains about’ 140 


millionetimes the mass of the Sun. 
Next up in the scale are dwarf galaxies, which’ 


typically contain about 100 times less stars than our’ 


Milky Way. They are typically found orbiting larger 


galaxies as satellites, such as the Small and Large * ° 


Magellanic Clouds, which both orbit the Milky, Way. 
But despite their size, they are thought to be the 
most plentiful type of galaxy in the universe - the 
Milky Way has about a dozen known to be orbiting 
it, but there may be up to 500 more that haven't 
been found yet. 

When it comes to galaxies pfoper, “Thane are 
three main types. As mentioned earlier, two thirds 
of known galaxies are spiral galaxies. These have 
long arms that extend for tens of thousands or 


even hundreds of thousands of light years around a 


central supermassive black hole. Some of these are 
known as barred spirals, like our own Milky Way, 
with an elongated core, thought to be caused by . 
density. waves radiating from the galaxy's centre. 
The biggest galaxies that we know of in the 
universe are elliptical galaxies, which are generally 





spherical or slightly elliptical in shape and have 


stars that orbit randomly about their centre. They 
essentially look like giant blobs and typically 
contain older, lower-mass stars than spiral galaxies. 


- They have the greatest range in sizes of any galaxy, 


from ‘just’ a few hundred light years across to a few 
hundred thousand. 

‘The supergiant elliptical IC 1101 is currently said 
to be the biggest galaxy of any type in the universe, 
although its size is cause for some contention as * 


‘scientists have not agreed on the true boundaries of 


a galaxy. If the faint halo around the galaxy is taken. 
into account, then IC 1101 is said to be 4 million light 
years across. . | 

The final type of galaxy is known as ‘irregular’. ‘ 
These do not have any distinct shape and often look 


- Stretched or chaotic i in appearance. A quarter of all 
" galaxies in the universe are irregular, but they are ,_ 
_ generally on the small'side, ranging from 1,000 light 
years across to tens of thousands of light years. 


So, our Milky Way might not be particularly. . 
unique, but it is one of many fascinating groups of . 


stars that we call galaxies that we have ear able to 


. Any! in the universe. e 


® WISE J224607.57-052635.0 , 
Distance: 12.5 billion ly 
Diameter: <100,000 ly 
Discovered earlier this year, this might be 
the brightest galaxy in the universe, blazing ' 
with the brightness of 300 trillion Suns. It 
is slightly smaller than the Milky Way. 





® Small Magellanic Cloud 
Distance: 200,000 ly 
DE Vil] -) ew AOLOLO MAY 
This irregular dwarf galaxy is one of 
our nearest-neighbours, and is also the 
most distant object that can be seen 
with the naked eye in the night sky. 
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‘®BThe Milky Way - Te 
Ce vilewiceem Olademce) its centre: 26, ‘ofere) iy 
Diameter: 100,000 ly . 
« .The galaxy we Call home. The Milky Way 
is fairly average in terms of size and type, ~ . 
with two thirds of other galaxies also being * 
so-called spirals. : 





*  @ Large Magellanic Cloud 
“Distance: 163,000 ly . 
Diameter: 14,000 ly 
This dwarf galaxy is part of our Local 
Group of neighbouring galaxies, and is 
a Satellite of the Milky Way. It may have 
_once been disrupted by our galaxy. 





Centaurus A @ 


Distance: 11 million ly 


nee yr - Diameter: 60,000 ly . 
: : ; . ey ’ NGC 5128 is known as a starburst galaxy, 

: : ef. tli : 4 " ‘ <i) set owing to its high r. rates of stellar formation and, 

—_———I ; . it ase like Hercules A, it appears to have relativistic 
10,000 ly . . F i £ if jets shooting out of its central black hole. 

, ee : | . : mes . aR: 4 kl | ; » : ce . ; * 
@ TheSombreroGalaxy.§ — 3 Sy we ee ee ee lS 
Distance: 28 million ly: ‘ ee ‘ : 
Diameter: 50,000 ly 


“Also known as M104, this galaxy is 

| instantly recognisable for its sombrero- 
like shape - henee the name - which 

surrounds a large bulge at its centre. 
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How does our galaxy measure up? ti 








= 
: - - i = —— ® Hoag's Object 
. fae? ..@ Sam Distance: 600 million ly 
# ' A, ! DEV 001-1 ¢-) ee PAO ROLOLO MAG me 
P : . » This bizarre galaxy looks more like 
3 a planet; its central yellow nucleus 
ore * i - *  *is surrounded by hot blue stars, for 
K ae | reasons that are poorly understood. , 
aaa . . ® The Cartwheel Galaxy , 
, mie sai Pe iis Distance: 500 million ly 
+ " Diameter: isehelele an 
’ ki <a ; This ring galaxy, slightly larger 
; s than the Milky Way, was thought 





. to once have been a regular spiral 
galaxy before colliding with a 
. ene: ida i ae : companion 200 million years ago. 
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@ Andromeda ee! . 
Distance: 2.5 millionly ~~ , 
Diameter: 220,000 ly 
Perhaps the most famous galaxy _ 
other than our own, the spiral galaxy 
Andromeda is heading for a collision 
with the Milky Way in 4 billion years, 
when it will likely consume our galaxy. ° 





Cygnus A @ 
Distance: 730 million ly 
JDJEV slik) emolOLOROLOLOMAY 
This is one of the strongest sources 
of radio waves in the sky, and is . 


. a 








iS - perhaps best known for its role in 
Carl Sagan's 1985 sci-fi novel Contact. .* 
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The Tadpole Galaxy @ 
Distance: 420 million ly 
JDJEVIT=1K-) amore OROLOLO MAY 
Officially known as UGC 10214, 
this barred spiral galaxy is 
fascinating for the 280,000 light- 
year-long tail that trails behind it, 
possibly caused by another galaxy. 


® Hercules A 


Distance: 2.1 billion ly 

Diameter: 1.5 million ly 

The size given here of the supergiant 
elliptical galaxy 3C 348 is the result 

of two huge jets of plasma firing out 
of its supermassive black hole. , 
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® Fornax A 


Distance: 63 million ly * 
Diameter: 200;000 ly 

Also known as NGC 1316, this 
galaxy is thought to be in a 
process of evolution that may one 
day give it a huge central bulge. 



















- How does-our galaxy measure up? . 





Current estimates suggest the 
Milky Way has a mass of up to 
a trillion times the Sun's 


The Milky Weigh 


We've talked about its size, but how much does the 
Milky Way weigh? That's something scientists have 
been trying to work out with new methods. 

At the moment, it is thought to have up to a trillion 
times the mass of the Sun. However, recent research 
by Columbia University observed the ‘stream-like 
structure’ of stars in a globular cluster called Palomar 
5 at our galaxy's edge. Measuring this stream, the 
scientists could notice ‘wiggles’ caused by our Milky 
Way's mass. This showed that the bulk of the galaxy 
is 210 billion solar masses - but it does not take into 
account its outer regions, which may bring it much 
closer to the initial figure. 
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It's a planetary 
embryo 


Pluto is an ‘ice dwarf’, a relic of the ancient Solar 
System that formed around 4 billion years ago with 
the rest of the major bodies in the Solar System and 
then stopped growing. 


It has five moons 


When it was discovered in 1930, Pluto was 
considered to be a planet with no known natural 
satellites. It took a further 48 years before the first 
of its moons, Charon, was discovered. Four other 
moons were discovered - Styx, Nix, Kerberos and 
Hydra - after the turn of the millennium. 


VOM Md iticecmacel(amals 
Tatsi(e(am Oeiadel 


If the Sun was the height of a typical door, then 
Earth would be just larger than a penny and Pluto 
would be the size of a pinhead. You could fit over 
220 million Plutos inside the volume of the Sun! 
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Sunlight takes five 
hours to reach it 


At an average distance of 5.9 billion kilometres (3.7 
billion miles) from the Sun, light takes nearly five 
and half hours to reach Pluto, compared to the eight 
minutes it takes to reach Earth. 


itive Ce AVoaimee)lemer-vece-rilel 
extremely distant dwarf planet. 
It's no wonder that we, as yet, 
know so little about it 


(tme)ge)im elias 
248 Earth years 


It's so far away from the Sun that Pluto has only 
completed about a third of its orbit in the past 85 
years. It will be the year 2178 before it returns to 
the same spot it was discovered at in 1930. 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 





e The Sun provides our energy to live and is used for timekeeping. 

e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 

e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 

Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





@ 0161653 9092 www.planeteartheducation.co.uk 











Manned mission 
to Venus 


Once believed to be off limits for human exploration, NASA 
is considering how Venus might be better to visit than Mars 


Solar panels @ 
The airships are solar electrically 


HAVOC airship @ powered; these panels will be 
Crewed airships like these more effective than on Earth as ~ 
would enter the atmosphere Venus receives more power per — 
of Venus packed into a heat unit area, being closer to the Sun. 





Shield, before inflating in flight 
to stay in the high atmosphere. 

















® Floating base 
Phase five calls for a 
permanent science 
base; this could be 
made up of a number 
of balloon habitats 
linked together. 
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Venus has recently become a serious consideration 
for a potential manned mission: it is the closest 
planet, the journey would take less time and there 
are more orbital windows of opportunity to go there. 
It has 81.5 per cent of Earth’s mass, versus 10.7 per 
cent for Mars, and its atmosphere would provide as 
good protection against radiation as Earth's. But that 
atmosphere is also the reason no one has thought 
about going to Venus in a long time. 

Venus's atmosphere is 96 per cent carbon dioxide 
(CO2) and because CO2 traps heat from the Sun 
like a greenhouse, Venus’s surface has an average 
temperature of 464 degrees Celsius (867.2 degrees 
Fahrenheit), which is hot enough to melt lead. Also, 
because CO2 is much denser than air, the pressure 
at the surface is like being one kilometre (0.62 miles) 
underwater, while the continuous cloud cover is 
made of sulphuric acid. So ever since Mariner 2 
confirmed the surface temperature in 1962, Venus 
has been firmly off the human spaceflight agenda. 

Now it appears that deadly atmosphere might 
enable us to visit and even colonise Venus. NASA's 
High Altitude Venus Operational Concept (HAVOC) 
is based around exploring and colonising Venus's 
upper atmosphere with rocket-powered airships 
and flying cities. Because CO2 is so dense, the 
atmospheric pressure at an altitude of 50 kilometres 
(31 miles) is the same as Earth's at ground level. This, 
and a temperature range of around O to 75 degrees 
Celsius (32 to 170 degrees Fahrenheit), makes it one 
of the most Earth-like environments in the Solar 
System. In addition, normal breathable air is buoyant 
at this location; so a lightweight habitat could float 
on the air inside it. 

NASA's study features five phases: first, robotic 
balloons would go and visit this sweet spot in the 
atmosphere and check out the conditions. Phase two 
would be a two-person mission to orbit Venus for 30 
days before returning to Earth. Phase three, a two- 
person mission to spend 30 days in the atmosphere. 
Phase four would be two people spending up to a 
year in the atmosphere and phase five would be a 
permanent floating Venus base. 

All of HAVOC's phases involve delivering airships 
to Venus; the robotic ones would be about 31 metres 
(102 feet) long, with the crewed ships about 130 
metres (427 feet) long - almost twice the length of a 
Boeing 747. A HAVOC ship would be packed into an 
outer shell to protect it from the heat of atmospheric 
entry; after its parachute slows it down to less than 
100 metres (328 feet) per second, the shell drops 
away and the airship envelope would start inflating. 
Once full, the airship would float serenely off with 
no actual landing needed. The airships would be 
electrically powered by solar panels on top of the 
balloon as, being closer to the Sun, Venus receives 
more solar power than Earth. When it is time to 
return home the crew would enter the ascent rocket 
carried beneath the airship, this would then drop 
off the airship, ignite and climb back into orbit to 
rendezvous with the Earth-return spaceship. 

Longer term large flying habitats could be built 
because balloon lift gets more efficient with a larger 
volume of lifting gas inside. It is unlikely NASA will 
be building a city in the atmosphere of Venus any 
time soon, but it might well be the second place we 
colonise in the Solar System. @ 
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Mars is a fascinating place to explore due to its 
amazing geology and potential for ancient life 
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Mars is the fourth planet from the Sun and 

the most Earth-like of the Solar System’s other 
wotlds. Following a distinctly elliptical orbit a 
little way beyond Earth, it is the outermost of the 
terrestrial planets: beyond it lies the asteroid belt 
and then the realm of giant planets. 

But Mars is very different from Earth: its small 
size, low gravity (about 38 per cent of Earth's), 
cold average temperatures of around -60 degrees 
Celsius (-76 degrees Fahrenheit) and a very thin 
atmosphere that exerts about one per cent of 
Earth’s atmospheric pressure, means that liquid 
water can't survive on the surface. So the planet 
today is a cold, dry desert. Nevertheless, large 
quantities of frozen water are trapped in its icy 
polar caps and in the upper layers of its red 
soil, within a permafrost that extends down to 
mid-latitudes in both hemispheres. Thanks to a 
tilted axis of rotation, Mars goes through a cycle 


How to get there 


© 1. Departing Earth 
Any trip to Mars needs 
to depart around the 
time of opposition, when 
both Earth and Mars are 
roughly lined up on the 
same side of the Sun and 
the distance between 
them is at a minimum. 





of seasons similar to Earth's as, first one pole 

and then the other receives more sunlight. But 
astronomers believe that changes to Mars's orbital 
characteristics create long-term cycles in the 
climate - it may have been significantly warmer 
and wetter in its past and has the potential to 

be more hospitable again in the future. 

Much further back in its history there’s 
evidence that Mars was rich in surface water, 
with a thicker atmosphere and a vast ocean 
covering much of its northern hemisphere. 
Today, the ocean floor survives in the form 
of vast, relatively smooth lowland plains 
that dominate the planet's northern half, 
while heavily cratered highlands cover the 
southern hemisphere. It’s even possible that 
conditions could once have been suitable 
for the development of ancient microbial 
life, though so far this remains unproven. 





3. Arrival at Mars © 
The crewed spacecraft to Mars 
would probably be relatively 
small, with most of the equipment 
needed to survive and work on 
the surface placed on the surface 
months or years before by 
automated missions. 


~ 4. Long stay 
By the time the spacecraft arrives, 
Mars and Earth will be drifting 
out of alignment and the distance 
between them increasing, 
Yom Eat lae-CiinelarleicmVelel(e| 
probably plan to stay on the 
surface for up to two years until 
the next opposition. 
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® 2. Short hop SS 

The average Earth-Mars distance a 

at opposition is 77 million km (48 

million mi), though the distance 

travelled along a smooth transfer 

orbit could be up to 100 million 

km (62 million mi), taking about 

six months with currently 

feasible technology. 


© 5. Return journey 
The crew blast off for home ina 
spaceship previously landed by a 
robotic mission, and probably powered 
by rocket fuel manufactured on Mars 
using ice from the soil. 
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How big is Mars? 


With a diameter of 6,779 kilometres (4,212 miles), Mars is slightly more than 
half the size of Earth: its surface area is 98 per cent of Earth's dry land. 


How far is Mars? 


The distance to Mars can vary hugely. Even when the planets line up on 
the same side of the Sun, its elliptical orbit means that it can be anything 
between 55 and 99 million kilometres (34 to 61 million miles) away. 


Earth 
340m 
(1,115ft) apart at their closest 
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Top sights to see on Mars 


Despite being a small planet, Mars is home to some 
supersized geography. Its most famous feature is 
the towering peak of Olympus Mons, a vast shield 
volcano with a shallow, dome-like profile some 
600 kilometres (373 miles) in diameter, created by 
the eruption of layers of lava through widespread 
volcanic fissures over hundreds of millions of years. 
At its peak, 25 kilometres (16 miles) above the average 
IW EVautchemcleneic(ecmel-1n0bnem(aa(cM\VEcDaurlamclenbintccllcialme)mc(ore| 
level), an overlapping group of pits forms a central 
caldera up to 80 kilometres (50 miles) across. 
Olympus Mons is just the most prominent of 
many volcanoes: to its southeast lies an enormous 
bulge in the planet's surface, known as the Tharsis 
Rise. This vast plateau straddles the Martian equator 


Ophir Chasma 

The central regions of the Valles Marineris once 
suffered a long, slow collapse that created this 
enormous valley, some 100km (62mi) wide, in the 
middle of the great rift valley. 





at an average of eight kilometres (five miles) above 
the surface datum and is home to a chain of three 
volcanic peaks known as Tharsis Montes. Just as 
impressive is a deep, broad trench that runs from 
east to west, beginning to the southeast of the 
Tharsis Rise. This enormous rift, known as the 
Valles Marineris, is more than 4,000 kilometres 
(2,485 miles) long, seven kilometres (four miles) 
deep in places, and consists of parallel trenches with 
a total span of 200 kilometres (124 miles) or more. 
Unlike Earth's far smaller Grand Canyon, the Valles 
Marineris formed not through erosion by water but 
along an enormous tectonic fault. 

The northern plains of Mars are a dusty desert 
coloured by reddish sands rich in iron oxide (the 


Ares Vallis 

Water escaping from beneath the surface of the 
highland regions in a catastrophic event shaped 
this landscape on the edge of the northern plains, 
carving islands that survive billions of years later. 
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Same chemical that forms rust on Earth), but the 
southern highlands are densely cratered and home to 
winding valleys where ancient water once flowed. 
Close to the Martian poles, the red soil of the 
highlands bear an unmistakable resemblance to 
Earth's glaciers, and recent space probe images 
suggest this is exactly what they are - slow-moving 
but unstoppable masses of ice disguised beneath a 
thin layer of reddish dust. In winter they are often 
covered by a bright frost of frozen carbon dioxide 
from the Martian atmosphere, while in summer 
only the colder ‘residual polar cap’, made largely 
of water ice, persists, displaying swirling patterns 
created by the sculpting effect of polar winds over 
millions of years. 


Winding rivers 

Sinuous valleys such as Reull Vallis, which runs 
westward into Hellas Planitia, bear the unmistakable 
signs that they were formed by water, flowing on the 
Martian surface over a long period of time. 





os 
Olympus Mons il 
The sheer cliffs around % ‘o 
idateMelaataalimers)(e(-1e- Ke) j on 
Olympus Mons plunge <. 


vertically downwards for 
up to 6km (3.7mi). 
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Mars’s orbit aa 1 


- bd 
Mars orbits the Sun once every 687 days, at an average ee ~S 
distance of 228 million kilometres (142 million miles - . 
just over 1.5 times the Earth-Sun distance). However, its 
orbit is markedly elliptical, so its distance from the Sun EO eee ‘ 
actually varies between around 207 and 249 million By ae See 
kilometres (129 to 155 million miles). The tilt of the , mgt nd ‘ 
planet's axis means that it is closest to the Sun during r “ " ‘ 
southern summer and furthest away during northern 


winter, exaggerating the effect of these seasons. ; ‘ \ \ 


1 Earth year = 365 days ' ; . ; 
1 Mats year = 687 Earth days or 669 —: 
So) SM C\/Elaurleme lays) ‘ 
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Mars in numbers 
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The planet's 
average orbital 
speed in 
kilometres per 
second 


‘@ The average 
nlbineleme) 
days taken for 9 5 3 % 
COO Earth and Mars 
to return to Per ONE Of, | 





Mass of Mars compared to Earth 





The length of a 
Martian day tin hours 


+: carbon Pode in the 
opposition Martian atmosphere 





© Freepik.com; NASA; NASA/NOAA/GSFC/Suomi NPP/VIIRS/Norman Kuring; ESA 


Estimated top 
temperature on 
Mars in Celsius 
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Focus on Cristiano Ronaldo galaxy 
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Evidence of theoretical ancient stars is 
spotted in a recently discovered galaxy 
named after a football superstar 


Scientists at the European Southern 
Observatory are getting more than a 
little excited after the discovery of this 
distant and extremely bright galaxy, 
found using the Very Large Telescope 
(VLT). CR7 is easily the brightest 
known in the early universe and shows 
evidence of being home to theoretical 
Population III stars, extremely massive 
and incredibly bright celestial objects 
that formed after the Big Bang and are 
suspected to have seeded space with 
the very first heavy elements. Without 
them, the next generation of stars 

and planets would not have been able 


86 


to form. It’s likely that Population III 
stars were all high-mass objects that 
only exist today as black holes or other 
supernova remnants. 

The galaxy itself has been 
nicknamed by the astronomer who led 
the team that discovered it - Dr David 
Sobral of the University of Lisbon - 
after Cristiano Ronaldo, the Portuguese 
star of Real Madrid Football Club. ‘CR7’ 
is derived from the method used to 
date distant space objects, Cosmos 
Redshift 7, which also happens to 
be the soccer star's initials and shirt 
number, which he is known by. @ 


sd 
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CR7 could contain long 
sought-after Population III 
stars - a vital missing link in 
our theory of the universe's 
celestial evolution 
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Sammie Woodrow 

The main reason is that we don't really 
need one. Most exploration tasks 

that are performed on a planet can 
be done exceptionally well by a rover 
and for a fraction of the cost of an 
android. A human-like android would 
be extremely expensive to produce 
and would still not match a human 
in terms of adaptability, thinking on 
the spot and having the dexterity 














needed to perform minute tasks. On 
area where a human-style ro 
prove useful is on space station 
Here, you could send an android 
to carry out scheduled repairs ina 
dangerous environment, rather than 

risking an astronaut. In fact, NASA is 
currently testing a ‘Robonaut’ on the 
International Space Station (ISS) to see " 
how its dexterity and control compares ae 
to a human. SA Pr 
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Ifthe’ Sun =>, sized, how big would the planets be? 


David Manderson 

Next to the Sun the-ther planets of 

the Solar System are tiny. The Sun is 
around 1.6 billion times larger than a 
football, so we can use this to give us 


Sun. At this scale, the distance to the 
furthest planet, Neptune, would be 
around 70 metres (230 feet) and even 
the largest planet Jupiter would be 
smaller than a tennis ball. JB 


an idea of the size of other objects j 
our Solar System. Using this scale’ the 
Earth would be two millimetres (0.07 
inches) in diameter and 2.3*Mmetres 

(7.5 feet) away from our football-sized 
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You cannot officially purchase a star in 
the universe 


2 
CanIbuya 
star? 


Ryan Parker 

Sadly, it’s not possible to purchase 

a Star in the official sense. There 

are several companies out there 

who advertise this service, however, 
the papers that you will receive 

from buying a star from them are 

not official. It is the International 
Astronomical Union that has the 
monopoly on naming celestial objects 
and, unfortunately, they don't take 
requests from anyone - not even Bee 
professional astronomers. 

The certificate and star maps that 
you will receive from companies that 
sell stars are not used in astronomy. 
What’s more, the star that you will 
‘receive’ will be extremely dim and 
won't be visible to the naked eye and, 
even with the help of a telescope, will 
be difficult to find in a field of equally 
dim stars. GL 





NASA is currently testing a 
human-like droid ‘Robonaut'’ 
on the International Space 
Station, to see how its dexterity 
compares to a human's 
















if all of its stars went a 2c  e  (P 
supemova? gg OO ee ae 






Neil Breen would instead become a huge * ™ -” 
If all the stars in a galaxy went cloud of swirling gas and dust. , pat ak 
supernova the structure would not Only stars which are at least 2: ee ee > ier ean 


disappear, although what would remain _ eight times as massive as our —- - | ss oP oe SY _—_ 
from the explosion would no longer be Sun are able to go supernova at + ) d ees 
called a galaxy! the end of their lives. 

When massive stars end their life in Galaxies tend to be full of 
a supernova they throw off the shells stars of all different sizes and ; : i . 
of their material into space to create a so there is virtually no chance ; - ia re Pen ll 
supernova remnant. This means that all of them could go supernova a fs You'would beJert witha 


| OC el ~~ supernova remnant if all ofa 
the object that was once called a galaxy simultaneously. ZB ~~. ~ +. a ie © galaxy's stars went supernova 
° és 
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How far can 
I see with 
the largest 
amateur 
telescope I 
can buy? 


Shaun Peel 
In principle the larger the aperture 
(and that therefore allows you to use 
more magnification of the telescope) 
the further you can see and on the 
best of nights it might be possible to 
see night-sky targets at hundreds of 
times of magnification. However, the 
size of your telescope is not the only 
factor in determining how deep into 
Space you can gaze and how good the 
view will be. Atmospheric conditions 
and light pollution can reduce the 
seeing power of your stargazing 
session. Seeing as far as possible also 
isn't always the best. Some beautiful 
deep-space objects can be seen 
much more easily with lower- , 
power telescopes. ZB 











The bigger your aperture, ad 
the more magnification 

you're able to use to 

observe the night sky 
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Aremoons / — 
avery : 
common. 
object 

in the 
universe? 


Sheryl Brown 

Yes. Our Moon is an interesting 
object, once believed to be unique 
within our Solar System, but we now 
know that the other planets in our 
neighbourhood are home to a host of 
their own natural satellites. 

At present, we are aware of 176 
moons within our Solar System, with 
the gas giants Jupiter and Saturn 
having over 60 moons each. Studies 
of our own solar neighbourhood 
suggest moons are a common feature 
in planetary formation. Current 
techniques aren't quite able to detect 
exomoons (moons around the alien 


- 

















worlds, 
known as 
exoplanets) with 
certainty, but we already have five 
candidates that further technique 
refinements or additional observing 
hardware may be able to confirm, 
as we continue to investigate other 
worlds in our universe. JB 


We're aware of 176 moons within our 
Solar System but there's likely to be 
more elsewhere in the universe 
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Quick-fire 
uestions 


@spaceanswers 







“© How far away is the Sun? 
Our Sun is closest at a distance of 
150 million kilometres (93 million 
miles) away from Earth. The 

the next nearest star - Proxima 
Centauri - is 4.24 light years away. 
That’s nearly 270,000 times more 
distant than the Sun! 





“Is it possible to directly 
image a planet? 
| While getting a direct image of a 
How would three Suns So 
| ' — shots of them from Earth or using 
a space telescope is difficult since 
O | they are very far away, making 
d eC e di 7 ' them too small and not really 


bright enough to see clearly. 








Daniel Gallagher cause. A planetary system with three these kinds of systems still requires 

With three suns at the centre of our or more stars is known as a multiple- much investigation. It is thought that “Is the Earth a perfect 
Solar System, it is likely that the orbit Star system. planets in a multiple-star system would | sphere? 

of planet Earth would be disrupted Multiple-star systems are thought to be very unstable and therefore provide Our planet isn't precisely round in 
by the new set of gravitational be pretty common in the universe but little consistency in the conditions shape. It's squashed at the poles 
influences these extra stars would the rules of planetary formation around needed to support life. ZB and swollen at the equator due to 


the rate it spins at, meaning that it 
is not a perfect sphere. Instead, we 
call its shape an oblate spheroid. 


[ xf _SPACEEXPLORATION] 
Do rocket launches affect the ozone layer? 


“ Does the Moon rotate? 
The Moon does rotate, but it does 


Trudie Greene Studies into how rocket launches so in such a way relative to the 
It has been claimed that the affect the planet’s delicate layering, Earth that we're only able to see 
chemicals released from some rockets, however, indicate that they only eas Ghee 
particularly the Space Shuttle’s have a very small impact of less than 
Solid Rocket Boosters (SRBs), are seven-thousandths of a per cent, Sines ae ~ How old is the universe? 
responsible for a notable amount of relative to other sources such as : inode According to data from the 
damage to our planet's ozone layer volcanic activity and powerful | whether rocket European Space Agency's Planck 
- the region of Earth's atmosphere solar flares. GL ’ launches affect mission, we think that it’s around 
that absorbs the majority of the Sun's , | | <4 our planet's 13.8 billion years old. 
iation to k | ozone 
Se © How long does the 
explosive stage of a 
supernova last? 





The explosion of a star lasts for a 
very short period of time - usually 
around 100 seconds. 


| “) How big is the Valhalla 
crater in Callisto? 
This is the largest crater on the 
Galilean moon, which has a 
diameter of over 300 kilometres 
(190 miles) across. 








Ss ' © Whatis infrared light? 

| Infrared light is emitted by 

4 ' objects that have a temperature 

. = above absolute zero, which is 

- "a ' about -273 degrees Celsius (-459 
' degrees Fahrenheit). 
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Quick-fire 
questions 


@spaceanswers 


What is the brightest 

galaxy in the northern 

hemisphere? 
The Andromeda Galaxy (M31), 
around 2.5 million light years 
from Earth, is the brightest galaxy 
in the northern hemisphere with 
a magnitude of +3.44. Under very 
good night-sky conditions, you 
can see it with the naked eye. 


What is MOND? 
The Modification of Newtonian 
Dynamics (MOND) is an 
alternative theory that tries to 
explain away the need for dark 
matter. However, it is not a widely 
accepted idea. 





What can I find ata 

black hole’s centre? 
We're unsure of this since we 
don't have the tools to probe 
inside one of these exotic objects. 
What we do know is that black 
holes are made from the collapse 
of massive stars. 


What is the densest 
planet in the Solar 
System? 
Our planet Earth is, with an 
average density of around 5.51 
grams per cubic centimetre (3.18 
ounces per cubic inch). That's 5.5 
times denser than water. 


Is there an age limit to 
flying in space? 
There isn't a minimum age to 
becoming an astronaut but you 
should be educated to at least 
degree level and have some 
experience of flying. 


Can I count all of the 

stars in the Milky Way? 
Unfortunately, there are too 
many stars to count in our galaxy. 
Not only that, but we can't see 
the entirety of the Milky Way 
from Earth. However, we believe 
that there are up to 400 billion 
Stars in it. 
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How did the Rosetta 
mission get its name? 


Lucinda Lane 

The mission shares some similarities with 
a Slab of volcanic basalt rock called the 
Rosetta Stone that was found near the 
Egyptian town of Rashid (the Egyptian 
for Rosetta) in 1799. It is this very stone 
that revolutionised our understanding 

of the past since, by studying the three 
carved inscriptions on the stone that 
were written in both Egyptian and Greek, 
historians were able to decipher these 


| ‘& DEEPSPACE 


hieroglyphics - the mysterious written 


language of ancient Egypt. A result of this 


breakthrough was that scholars were 
able to piece together the history of an 
otherwise lost culture. | 
The Rosetta Stone has provided 
the key to an ancient civilisation. The 
European Space Agency's spacecraft 
will also allow scientists to unlock the 
mysteries of the oldest building blocks of 
our Solar System - comets. GL 





*” Anartist's impression of 
a young universe 





If we look back far enough in time, 
would we be able to see the Big Bang? 


James Watkins 

It's not possible to see the Big Bang, the 
event that brought our universe into 
existence, for a single reason: the light 
that was emitted when the cosmos was 
less than 100,000 years old couldn't go 
anywhere and hence reach us today since 
it was trapped and tightly packed into a 
young and very dense universe. The light 
that is thrown out by distant galaxies that 








Oo 





we can see today comes from the matter 
which emitted it. It means that this light 
is able to reach us and we are able to look 
back in time at them. But as we go back 
we hit a wall after the Big Bang when the 
universe was 100,000 years old and can 
therefore only witness the relic radiation 
referred to as the cosmic microwave 
background (CMB) as evidence for the 
Big Bang. GL 





The Rosetta mission is named 
after the slab of volcanic basalt 
rock called Rosetta Stone, 
which provided the key to an 
ancient civilisation 










Binoculars offer many advantages 
over telescopes, especially to those 
on a budget 


iC 


Why do some 
astronomers use 
large magnification 
binoculars instead 
of a telescope? 


Harry Mitchell 
Binoculars offer many advantages 
over telescopes at the lower end of 
the stargazing budget. As an entry 
point to astronomy, binoculars are 
often easier to set up and use for a 
beginner since they require nothing 
more than pointing them skyward, 
looking through them and 
adjusting the focus. Telescopes, on 
the other hand, can be trickier to 
ensure they are working optimally. 
Another advantage of binoculars 
is that you use both your eyes to 
view. This helps boost contrast due 
to the brain getting confirmation of 
What it's seeing from two sources. 
This acts to make it a little easier 
to see fainter objects. As people 
grow more familiar and wish to 
explore deeper, they often move 
onto more specialised telescopes 
but binoculars are a good starting 
point for any budding astronomers 
out there. JB 
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Mars’ (inset) to bea 
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Is there reallya 3 
faceon Mars? * a 





Kerry Jones coincidental and is likely because of 
There is a formation on Mars that lighting effects on the Red Planet’s 
looks just like a humanoid face in surface. There are others who think 


some images, taken in two different otherwise, however. Science writer | 
frames by the Viking orbiters, which Richard Hoagland believes that the ‘ 

were launched to the Red Planet in ‘face’ is artificial and was erected by . | 

the Seventies. The feature is about 2.5 an extraterrestrial civilisation. It was in | 


kilometres (1.55 miles) across and can April 1998 when scientists were able to | 


be found near the border between the reveal the true identity of the feature. | 

Martian regions of Arabia Terra and NASA‘s Mars Global Surveyor spacecraft 

Acidalia Planitia. photographed the site of the ‘face’ in | 
| 


The majority of people agree that high resolution, revealing it to bea 


the resemblance to a human face is natural landform. GL What are shooting stars and why rae) 
| they light up our sky every year? 
| sf SPACEEXPLORATION] | 


If I travelled at Bare 
the speed of light, iam P C53 20 CRAZY SPACE 
- 
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what would I see? ! INNOVATIONS 


John Burns @ Genius or madness? Future promise 


It requires an infinite amount of Sey and past mistakes of space exploration 
energy for any object of mass to be . 


ae te, , L PLUTO REVEALED 
so unfortunately this would be . 


impossible. However, let's discuss | : Take in unprecedented sights of 
what you would observe anyway. | the famous dwarf planet as the 
Due to an effect called time dilation, New Horizons Spacecraft flies by 


the faster you travel, the slower time 
appears to elapse at your destination 


until, at the speed of light, no time | | ' ONE YEAR 
would appear to elapse at all. You x, 
would feel that you had travelled ‘ | IN SPACE 





instantly to your destination. We learn what it's like for 
astronaut Scott Kelly to live 
and work on the IS 


Due to another effect called length 
contraction, the closer you get to the : | | 
speed of light, the shorter an object | 
appears to be. As a result, when | 
travelling at this incredible speed, | 


| | Takeyaeyie 
all objects you are moving towards . 20 PNT 
would appear to have no length at all | STAR QUAKES 5 


in the direction of travel. The universe _The universe would seem | WHY IS MARS SO POPULAR? 2015 
Welaetitag atoesticr very Tot lssiacaa DEEP SPACE ATOMIC CLOCK 
differ ee USER MANUAL: NEW HORIZONS 
www.spaceanswers.com | HOW TO VIEW NEPTUNE 
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A VIXEN BTS8I1S-A 
BINOCULAR TELESCOPE 
AND EYEPIECE SET! 


Peer deeper into. the universe - with both eyes - in our latest competition 


Vixen BTS1S-A 

Binocular Telescope 

Cost: £799/$1,400 

Take in the cosmos with both eyes with the 
Vixen BT81S-A, a binocular telescope that 
features air-space double objective lenses to 
provide you with pleasant views of a wide 
selection of objects free of pesky colour 
























Tae design, this Peculic 
rted to your favourite 
h ease. With multi- 
81S-A promotes 
for exceptionally 
clear, crisp view 1p) (-wel=jolanmeverel 
perception from the 
jaurexsxereM iinslo\smeymant 
the stellar members oft 


Ve 
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"vixen NLV ey 
Cost: £119-£139/$139 
With their beautif ia 
aluminium finish, twist-up eye S 
‘and high-grade, fully multi- coated 
Lanthanum glass (for incredibly 
bright, high-contrast views of a 
selection of night-sky targets), the 
Vixen NLV series of eyepieces are 
the perfect companion to take in 
superb views of a variety of targets. 
They feature a seven-element design 


to provide unbeatable seh - 





Vixen NPL eyepieces 

Cost: £39-£49/$60-$80 each 

The Vixen's NPL series deliver bright, sharp views 
with high contrast and very good colour correction, 
making them stand out from your standard Plossl 
eyepieces supplied with the majority of telescopes. 
The threaded barrels accept all 1.25” filters and 
feature a ‘safety undercut’, to prevent the eyepiece 
from falling out of the focuser. 





To be in with the chance of winning, 
all you have to do is answer this question: 





A: Alpha Centauri 
B: Sirius 

C: Vega 
Theltcme)elibelemele 





spaceanswers.com/competitions Courtesy of 
Visit the website for full terms and conditions oot f or qcls 
. " ) : | and 


riastaaane 

With 

Cost: £8.99/$19.95 

Providing a comprehensive guide to the 
very best night-sky objects for binocular 
observation, this book by astronomers 
Robin Scagell and David Frydman is 
ideal for those just breaking into touring 
the heavens. Philip's Stargazing With 
Binoculars gives practical help for setting 
up and using binoculars of any size, 
pinpointing the best targets to turn your 
gaze to whether you'e in a light-polluted 
town or under dark skies in the country. 


Kathryn Thornton 


The record-breaking spacewalker with 
the ‘greatest job in the world’ 


Born 17 August 1952 in Montgomery, 
Alabama, from an early age Kathryn 
Thornton combined her passion and 
enthusiasm for physics with hard 
work and dedication. She graduated 
from Sidney Lanier High School in 
1970, then followed her love of physics 
to achieve a bachelor’s degree in the 
subject from Auburn University in 
1974. Thornton then went on to get a 
master's and a PhD in physics from the 
University of Virginia in 1977 and 1979. 

Thornton's work during her PhD led 
to NATO awarding her a postdoctoral 
fellowship to continue her research 
in Germany. In 1980, she returned to 
America and became a physicist at the 
United States Army Foreign Science 
and Technology Center. 

In 1984, aged 31, she joined NASA's 
training programme. She faced very 
fierce competition, with almost 5,000 
applicants and with NASA's exacting 
standards, only the best could make it 
through. Out of all the applicants only 
17 made the cut and Thornton was 
among them, becoming an astronaut 
in July 1985. It was a life-changing 
moment for her, which meant that 
she would have to move away from 
her husband with her two-year-old 
daughter to Houston - but to Thornton, 
it felt like destiny. 


98 


On 22 November 1989, Thornton 
first travelled into space as part of 
the crew aboard the Space Shuttle 
Discovery as a mission specialist. The 
mission lasted five days, orbiting the 
Earth 79 times, during which time the 
Discovery deployed a payload for the 
Department of Defense. Thornton was 
instantly enamoured with space flight, 
and proclaimed her profession to be 
‘the greatest job in the world’. 

The maiden flight of the brand- 
new Space Shuttle Endeavour in 1992 
would be Thornton's second flight 
into space. Thornton served as a key 
member of the crew that performed 
a record-breaking four spacewalks to 
retrieve, repair and deploy the Intelsat. 
They also conducted important work 
to be used in assembling the Space 
Station Freedom (a forerunner to the 
International Space Station). When the 
Endeavour returned to Earth it had 
logged 213 hours and 141 Earth orbits, 
and Thornton could proudly claim to 
be the second American woman to 
walk in space. She was proving herself 
to not just be a talented and intelligent 
physicist, but a courageous and 
inspirational astronaut, willing to put 
her life on the line to further science. 

Thornton's third flight was again 
on the Endeavour the following year, 





on 2 December 1992. Serving as a 
mission specialist with her crew, she 
serviced and repaired the Hubble 
Space Telescope. Over 11 days the 
crew captured and repaired the 
telescope by performing yet another, 
record-breaking five spacewalks by 
four astronauts. When the Endeavour 
returned after 163 orbits Thornton 
held the record for the woman with 
the most spacewalks, which was 
surpassed in 2007 by Sunita Williams. 
The doctor's fourth and final 
mission was on board the Space 
Shuttle Columbia as payload 
commander. She achieved another 
first when she used a power 
screwdriver from the Shuttle’s toolkit 
in a video to be used in the show 
Home Improvement. But work still 
had to be done, and she conducted 
a number of experiments in the 
Shuttle’s pressurised Spacelab module. 
By the time she'd returned home the 
Columbia had orbited Earth 256 times. 
For Thornton, this would be the 
end of her space career with a total 
of 40 days, 15 hours and 14 minutes 
in space. Incredibly she had achieved 
all this while raising three daughters, 
prompting her to be dubbed ‘Space 
Walker Mom‘. In 1996, Thornton 
joined the University of Virginia 
school of engineering, then went 
on to become the assistant dean for 
graduate programmes. After years 
of distinguished service, Thornton 
earned her rightful place in the 
Astronaut Hall of Fame in 2010, 
becoming the third woman to hold 
this honour. @ 
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IN THE PHOTO: 
Camping underneath the Aurora Borealis, 
Iceland. Captured by Tim Nunn. 


ae 
FOLLOW OUR CONTRIBUTOR ADVENTURES - OR TELL US YOURS ni te 


ya 
- 
WWW.NITEWATCHES.COM Lt ; a i 7 > Me 








pp-e7a| [o}] Mele) lor. \ eB ea e)a 


. 
MOST LOVED 
le fo Sd 


~ 












NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 


Telescope with fully integrated WiFi 
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Now you can leave your hand control ~*~ »' 

behind and slew to all the best celestial = ¥ \ 
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or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 
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